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INTRODtrCTlbN 



These- assignments relate science to the ffeld of Stationaiy 
, Engineering, An understanding o£ the related science anci matK -inyolypid in'^ ^ 
Stationary Engineering is important.. These lessons are brief, htit th^y f 
include a wide range of activities in which science is applied to the trade- 
.activities. Some of the activities involve math, so both the math' and the\ 
science are applied to the trade activities when needed/ 'V 

- ■ ' \ . ■ , . : ■. ■ ^ ,m 

Stationary Engineering is a very' important trade. Many \ 
people depend on the Stationary Engine Prepare yourself well, so that \ 
they will be able to'dftpend on you when your knowledge and skills arfe 
needed. *^ • 
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Industrial Safety • ' '1 ' Aisignmentl-A-l 



\:.._:i:;.,f..,-_. 

■ ■ " ■ A ' 



Objective:' ^ 1. ; fie'Vble to recognize industrial safety-practices and procedures. 



Inforniation: ' Most l^fge industrial plains will have safety engineers. Their job is to^ 

— . ■ bspect .the pknt ^mLsf^p-^afi^pe^ acxidents 

- .are costly and must , be plimmated or at least kept*'.to a, minimum. The 
, federal government has entered the field of safety by Establishing^ OSH'Al 

■ -J,"'' ^ OSHA as a gov agency that will inspecr-any and all industrial 

i \ . facilities. Uh^^ 

/ . the- authority to levy fines and they do not hesitate to use this authority. ' 
¥ou. must become familiar with OSHA and their requiremen ts. They are- 
available frorn the government. • / • . * 

Rfiferencc: /• ^ . 

Assignmentr 1> why dp 

" ^^ 2/ I Do you- think there is an advantage in having an agency like OSHA? , 
; 3.'; to6k through some trade Journals or newspapers for information; on . 



\ 



i 



nf,;' V. .. • ■ t:" -^ 



. Objcctivcs{. • 1.- Be able to prorecc- your job from f^^^^^^ , . / , • ' : 

* . . . «> " 2- Be able .to organiie a first aid fire brigade. ^ * ' . ' / 

— Infimrmsruon: Iirsurance sfaHfistics state thartiere are^^^ industrial tires per day - , 

, ; . , in the United States; :,Yoa may say **so what, big\deal - hoW does that , * ' 

'affect me?" Well, every time there i^ an industrial ^fire, people are out of ' ' . ^ 
• * . work. 'Sptne are out of yvork just for k.r^lrort sbme plants . r ! . ^^^^^^ 

/^estrqyed by fire neyer reopen. It could happen to you! knowing how to ''■ ■.■''■ '■^r^' 
> protect your plint froiiKfire helps protect y^ur bwn homt arid family, " 
. ' ^Youf^SWn isefcurity is at stake. ^ / » ' ^ ;v 

;> , - There are three. ggrieral classes of fires: • - ; / \ ^ 



1. class A V covering wood, paper, textiles, and other ordinary* J :v ' . 

. cotnbustible material cpntaiiiing carbon...' : \ \ , ^' 

, ; 2. Class B ^ oil, gas^, grease, 'paint, or ariy other liquid that ud^ ' 

- ^ . g^^fy *w]ien tipated. ^ ^ ^ ^ ^ . ' ^. 

• ' 3. Class C — ele^ctrical fires, motors, switches, aricl transfofihers. * / ' 

\^ 1 It should he nidhtionedchere ' that- a ,new clasS of fire teen 'added / ' ' 
, '^^cafu^e our advancje^ Jsiu " 

• A ^ 4, Class ' P ^ * ThiS^^ as/ ^^ • 

^ ' zircpnmni, titanium; magnesium, sodium, or p^^ .Kr':. ■* 

r *' powder is used and may be applied by a. scoop or shovel. . \ v 

It is your responsibility to know where every first aid fire-extinguisher is • . 

^y^^^Li^l located in,^^^^ You 'shdiild alsd'know what ty^e of 

extinguisher is used for each class of fire and how to use each type of- 
" extinguiisher, . - ' - 

_ : ■ : ; , ■■' ^ ■ • ' ■ •■ ' ■ ' . 

Referenc^r^^^^^ ,Brigiide_,,, y^,s^^ 

^Assigijmcrit: After haying read the reference, answer the foltewihg questions. Be prepared; • ""vf ^io^ 
to discuss the^questioili^in class. / ' / ; \ 

■■ ■ • - ■ ' ^ '. y : r :.■-'.'■;'"■-■/ • 'v.-:--- 

• ' ^ * \ l' Disquss the four classes of fires ind what* they cove^^^ 

J . 2, Explain why plant fii^e prevention 1? protecting your security. ^^^^ ^^^^^.^^ 

,* 5. D^duss .how to set lip a pla^t first.aid f^^ },\':^yy. .^'^ 

; * 4, Briefly discuss the duties of a fire 'brigade chief. .\; / < : * 



EF 



Housekeeping ■ ' ^ * Assignment 1-A^3 ' 

Objective: Be ajjle tq^describp why good housekeeping is imporjtarit to sa^^ j* 
Information: Good housekeeping, is^ one of^thp best ways ^ to prevent fires. You do not • | 



have to be^^n-vehgineei to^ knowT^hxjw Vu qstablisli guuJ—hpusekieepiiig" 
habits; it just takes comVnon sense.' The key to good housekeepiiigj is good ^ K' 
habits^ If everybrie~^in the "boilerroom or enginerpom develops, good work . * ' ! ^ 
'habltSy hbusekeejping is '^^ erijgmeer must s^ ' • "^^/'-^y-'' 

must be foUpvyed by*everybnes If he insists that these standards * be carried - ■' ■* . . 
•out ^pn . ail shifts, •they will be. For example, oil "spills must be wiped up at 'i 
once. If a valve is leaking ' oil, (pc it or stand there and keep cleaning up. 
.,t|ie leakv .Which is easier to do? All rags are to be ^toredb in safety waste ! 
\cajas. Used oily* rags are to be kept in pfoper waste containers and;.emptied 
eVery shift. No lijghly 'yoIatjO^e liquids will^e used for cleaning parts or 
equipment iri the; boilerfoom or enginirobm at.any tinie, Vars<jl or similar 
c4eaning ' agents ajre'^i^^ storied in ^Safety cans only » All paint .will be, 
stored in approved pai^lo<5kers only. This list of housekeeping needs can' 
be* expanded It.Q siiit any plant needed. ,= . .; * . 



■ . * . If the chief ei^ind^r develops a list, , of j this ^^pe with the- aid of j)lant 
V, safety persbnnel*and uriioh representatives and .has it properly posted, ir> 
' . ; '■\ , could mean;yout job. if you continually fail to comply with it. 

Assignmcntr Whj^ should oil]|^^rags b(^ stbred in safety containers? x - ^ * ... 

' • 2t;. Discuss^what is meant by spontaneous combustion. 
^ 3.?HVhiat is'a vo ^ • ' . "'\ . v • 

4. Why dp think it. wouLi , be important to clean up oil spills at 
/-^dnce?<^,, • ..^ ■.' ' ■ 

5. ^X)p*>y6u. :think it, would be fair -^to discharge a, man for coptihually 
- ' ignoring gopd housekeeping practices? £xplai^ 
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Enginieering Department Responsibility 



Assignment 1-B-l 



©bjective: Be able to describe the organiziftion cliart of an Engineering Department. 

toforn^^ The Engineering Department m most industrial plants must operate; 24 
^ , '^o^^s a day, 7 Jays' a *week, 365 days a |jpar. They, are responsible 

• providing , the plaiit with the steam, water> air,,refrigeration, and sometimes 
^ ^ electrical ^ower neejied for plant prdces3. A sample organization th art is 

: ' ^ attached to givi^^bii sdme idea of how the chain of conimknd workis. 

^% The Mechanical Inspection Bur^^ 

V ' 1- Plants >over 3,000 boiler horsep^ 
; .■ ' Eneiheer as *chief. ^ . 



2. Plants;<,wt%4,p01 toi"3,0Q€ bditer:^|borsepower^ require at least a 

Red Seal, Engineer as chief. ^ ^ [. . • ^ 

'3. Plants* widiTsdl to 1,00 horsepower require at least a Blue 



— r : Seal'Enemee^^^ 
4. Plants with lip to 500 boiler horsepower need at; least a 
(High-Pressure Black-Seai-in-Charge license as chief. ' i ; 



A High- IVessure., Black Spal F^^^ also allows you to 

• be in chargie of your; p'^ chief engineer in 

plants up* to ' 1,00J5 boiler horsepower* Anything over 100 boiler 
horsepower reqtures the fireman to have a licensed en^eer on shift with 

■ himr:v_. > ' V'"^'"'' ■■' ■ ■ ^" '--^ 

It shpuld be easy to see that as the plant size increases and the equipment 
becomes .more sophisticated^ a higher grade of Hcense is required to, be in 
. charge. ' '^'-^ ; |^ 

The rtJes and regulations of the 'Mechanical Insipecrion /Bureau be 
covered in . detail in later lessons;^ " i ^ ' . ' 



Refefcncc: '^RHles'andlkgulat^^^ Bureau'. 

' . .. ■ : ' ■ ■ : . • ■ 

Assignment: 1. What duties can be performed by a person holding a Black Seal 
High-Pressure Fireman-in-Charge license? \ 

2. Discuss the Mechanical Inspection Bureaus requirements for chief 
engmeers. , . \ . 

3. Discuss the penalties if any^ for operating a plant with improper ' 
. • • . licenses. • ^ 
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. - V Pj^ess^re ~ Wiork Power . ' ' . ' . ^ . •^Assignment 2-A-l 

Objectives: 1. ^JBe able to define pressure andl^he umts uised to express it. ; 
; . 2. Be able to define Avork and the unib used to express it. 4 * 

. * ' 3, Be ablfe to define povyer a:nd ihe^units; used to express it. 

* Infornnation: Remember last year's assignments on pressure, work, and power. This is a 
'quick review of the relationship of pressure, Work, and power- First, we 
- \ . / will reviiBvv the definitions and the units of measureihent. Then bur next 
; assignment >yill use the pressure — wcftk — pciwer relationship in solving*, 

problems. 

"Pressurcf'V-; Pressure is defined as w force applied per unit of force. ^ You ' v:^ 
. • can CO mpiite pressure if you-J^ow. the force aipplied a'hd the area that the ;;^\v 

force is applied tQ^ . \ V " v 



I 

v.:' 



Pressure = 



Force 
Area 



For^^exaLmple," if a force of loop ppunds^is apyglied to an area, of 6. square 
inches. The. pressurels: / - ; . 4 ■ ' ■ 

. ^ 1600 lbs, fbrce^ : , # - . , 

% Pressure = S sq, inclies of area = 20p pounds per square inch 

The stationary 'erig^eer wiU-jegtodly find most pressure gages calibrated 
in ^pounds pQj| square inch (pfqRBloWev&r) pressure dan ali^b be measured 
in ounces per. Square inch or t6ns per sq^ 

Most gages ^will read zero p.s*i/ a^tmoispheric pressure. Remei^ber; this 
reading is not the absolute or true pressure. It idpes not . include 
atmospheric pressure (usually 14.7 p,s.i.). ' Absolute pressure is the g^e 
reading plus the pressure of the atmosphere. 

Absolute Pressure ^ Gage Readings + Atmospheric Pressure 



Work — Work is defined as a* force acting on a body and '^moving it a 
c -J distance. The amount of work is the product of the force, and the distance 

^ • moved; • . ' ' / 

Work = Force X, Distance » 



•■ ""1B»- 
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References: 



Work is usuaUy measured W foot pounds (ft/ 



of lOa Jbs 
distance. 



ibs^).. For example, if a force 



moves an 



object. 8 feet, t\\Q^or\i done equals force tinies. 



prk = 100 lbs. force X 8 ft. distance" k" ^ 

Wk ^'800 ft. lbs. ' ' -•' 

Power — I^ower is de^ed as the'^rate M doing work/the' units , used 2^^^^^^ 
foot-pounds and time. W,e Jdno^ that wlork is measured in foot-pountls. If ; 
/we use myiutes as a unit of time, then power wiH equal Vprk per fliinuft ' 
showrr as ft. lbs. per riiinute ^ : r- . ^-^ ■. ^- > 



Power = 



Work 
Time 



For ejckmpleV if ft. lbs, in 1 minute, power e^^ - .r . ; 

' . / "li ' L_ ^0.to0 ft, lbs, of work ^A YSnn r fi * - - A J v 

v : > ' \ 1^ : : = 20^00 ft. Ibs./min. ■ - ; , 

yfpwer is pften p^easureH horsepoww;. lioi^lpbwef ,^quals^^3^ 

: IbsV per *minut^. If % work- is done in I miijut^ we hatve- , ' 

. . ^^r^^frf^T 33,000t.ft. lbs;/min. = i hope^^ (hPr) ' 

1. Steam^ Phnt operation ^ ; ' ^ [ ' -/ \ ' ■ - - "^^^^^^ 

2. ^ Elementdry Steam Power - 



Assignment: 1. What is presfsure? ' A . * * ' 

2. Wliat units ar,e used to express pressure?- 

3. \ Define gage pressure and absolute p^res^ / ' 
: ' 4: Define atmospheric pr^ssuVe. 

• -5. peftne work. . 

, • . 6. What units ate used to express work? . ■■ ]:■-■ '. 

7. Define power. . • 

. \ 8. ; Define horsepo^r. > 

► 9.: How does work and time relate to power? . / ' 

10. How does power relate to horsepower? * ..- . / 

• 11. Set up and Sjbhe a problem involving wofk, time and horsepower. 
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Objectiw: Be able to use the pressure-fd^ce-area relationship) in spT\ing| j 



ii 



. Infprmatidin-: Pressure is defined as a/ force applied per unit of area. 

:■' ■;■:/. - : pressye = '^^^ • ^- ■„ ■ 

*^'"^0^^^' * ^.^ thie forcje acting on 4 given, area is kriowiu,' ithen 
. pressure. Ebr exajmple, a force of 1000 pounds is applj 
' • square inches. Wliat is the*: pressure? \ v * 



you can find, the 
id to an area of 4 ' 



/ ! 



1000 lbs, of ibrce; --^ a^.^" " ♦ 

ressure = —: r — -7 — r — ■ = 250 p,^,i. 

4 sq. in. .ot area t '^j . 




You can also j^md the area when. thevprfessiire^;^di^q forcp are fert^wn- 
Fdr.example/the forc^ is 1500 Iba. and ,th(B pressur^ -k lOO p.s.i. Wha^ is. " 
the aT6a that thiiJorce is acting' o . C ■ r ) ' ; 

» V " ISOOibs. offorce^^ IVa ■ . ^ : V. ^ 
. Area = 100 p.s.i. pressure = 2.5p p.s.i,,^ , ; , - • . : f ^ V,.^ 

■/ ' ^ 

. «It isialso possible'to find the" force if jh'e pressure and area are known.. Fbt 
exanipl^, a tank ha^. base dimensions of .6 ft. by 12 ft. and a pre&ure of 3 
P'.s.i. What; is the, 'force? . , '\ ' v,'^'^ ■ ■. " \ ' V' ■ ■' \' 




irs^, convert the area ,to square iijchesV \ 

' . ■ \. ' ' ' "i» . ■'* * • ■ 

, ^ V 6 X 12 = 72 square feet ^ V 
^* •y^-^.lft. X 144^5^ 1036^^^^ inches; . ■ 

_ . Force .= Pressure X'Area ^ 

Force = 3 p.s.i. X 10368, sq. ini^= 31164 pounds 



Assignment: 1./ Find ^hp force on a "Safety :valve disk that has an area of 6.25 square 
inches, arid is conriectied. ' : ^ V ii 

iFind 'the area oif a jFla^ surface ths^t has .a force of 1000 pounds ana 
produces a pressure^of 12. p.s.L* \ " 

^What is'the pressure on the top of a compressor pis|pri if the f| 
1^0,000 fiounds artdy^the area of the pist6h is 85 square inchest ^ 



objective: . Be able to use pressure conversion factors.^ - ^ 

Ilnfprmation: .1. The ^pressure at the base of a cblumn will be .0361 p.s.i. fo^^ 

i * . vertical inch of water, or .433 p.s.i. for every vertical foot of wrair. 
( See" Figure 2.A'I-M2.1) ^ / 




; .2. The pressure at the base of a column will, be .491 p.s.i. for evenv 
vertical inch of ni^ercury; or 5.892 for every ^vertical fbot*of mercurjpf 
: (See Figure 2-A-1-M2-2,) / / ■ r * • ' 



' 3.> To . change, gage pre^isur^ to absolute Upress^ add, '14.7 'p.s:i. 

(atnio.sph*eric pressure*)'. Check results Figure 2-A-1-M2-2. / 

; "'' ■:'..'>■ ■" ■ ■ ; -v ' ■ « 

/4y To- convert a vacuum reading to . abscJu 



reading by .491 



and\sut)tract it from. ^14.7^ P-s-i- (atimos^eric * 



* pressure). Check T<:^^^^^ Qli. Figure 2-A4-M24V ./ '-' ^ : 
Examples: 



1.. A 'boUeir pre^ui'e^ mp'unted on a panel Uoard'is located 30 v 

feet below the boi^^r^ clrumvWith no pressure on . the ..boiler, what 
* ^pressure would the g^e indicate?. ^ ^ •= • ^ 



■ Pressure = Vertical, ftlV^^ .431 p.s.ii per fonot ' ^^ 

' Pressures= 50, X .433 = 12.99 p.s.i. * - . '■*^'r':r-'-^ 



2.;^ A boiler pressure i gage^ reads . 160 p.s.i. ' VAi^t would this, be In 
p^is.i.a. (ppund^ ^er squa^^ ' . r 

, I ' Absoflute Pressure '= gage pressure + 1^ 



Absoliite Pressure = 150 + 14.7 . . ;;!!^> 
Absolute Pressure =164.7 p.s.i.a. 



3. A fuel oil sdction gage reads' 7.5 inches of vacuum. What would 
this; be in absolute pressure ?** 

Absolute- Pispssure = 14.7 - CVacuum X .491) ^ 
\ "-\ • Absolute Pressure = 14.7 '-»7.5 X .491 . 



Absolute Pressure =14.7.- 3.68 = 11.0^ p.s.i.a. 



nment: X. A column of rhercury 15" high would ^xert how much pressure at its 

■■'base? ' ■ ' '/ ' '''.r •' ■ 

2. ^ A turtine 'exhausts into a condenser cairying a 29'' vacuum. What is . 
the absolute pressjare in the condbhser? ' ~ . . , 



/ .■ 



/ 



V 



r •• •• « 

■ ( 



V 



V. 
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..0361 P.S.I. FOR^ > PRESSURE/ .491 P S.f. FOR 

EACH VERTICAL '1^ . . EACH< VERTICAL, 

' ■ ■ . BASE- . ': ■■ 

INCH ■ ^ . INCH 



GAGE 
RS.1.6. 



— 25^ 



RlSJiA. 



8 9.7 



50 , — ^ — — ■ — - 64.7 

J:: : 




;".•;':■■/..,:■, 



ID .... — ■■ — 



-h 2 0 



30 HG — — — 



T-r — L 0 



i4.r 



--9.8 



4.9 



(15^ G E PF^ESjSURE: TO ABSOLUTE 
PRESSURE CONVERSION CHART 
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Work aid Pt>wef Problems ' ,. Assignment 2-A-1-M3 j 

Objectives: 1. Be able to solve proplems jpvolving work. ' ' 

, 2/ Be able to solve problems involving pqwer. 

.... / " • . . • • , • . • . / • . • . V; ■ 

Inforirnation^j: Work is defined as a force acting on a body and moving it a distance. \ • ■ . 

... • ■ • * ' * * • ■ ■ ' '. * 

. ' Work = Force X Distance 

. The force is usually me^asured in pouncis and the distance in feet. That, 

gives an aniswer in foot pounds. . ' \ 

.. - • • c ■ ' : "■ . ^ , , ^ , , • . » 

• ■ • ■ ■ ■ ■ ■ ■ ' ■ 

For example, a forcfe of 100 ppund^ is applied and moves 'an object 80 
fee^ How many foot-pounds of w \, , . 

7^^"-; ••; : * ,;ri#^oJ*^= Force XiDistance. .. ;\ A. ; ■■■■.■[■ 

: / lOO fcs. X 80 ft- = 8'000^ft..lbs. V ^ ^ 

... ,. ...^.-.^^^ ^. ; .-■ • — - r-;:;^ 

; Po^er is the rate of doing yirork. It is the work done in a unit of tinie, < T^^^ 

■. ■ •* --v' ■ , . ■ ■ ■ ■ V/-".. " 

n ' ^ ■ Work _ Force X Distance ' , V : ' 

^"^^l--"^- Time : ^. ^v^^^^;^^^^^^ 

. ; :Vr; ^ / ■ ^. . . ^^jjl^^:-:'-: 

For examples, if an engine does 140,000 ft, lbs. of Work.^iri 4 minutes, how / a; 

1^ ^ much power was devekpe^? • ^ ; . ^ • - ; ' V 




/: 



• ^ Power = ; ^^°^^-»''- = 35,000^ ft,, lbs, per min.'. 

A horsepower is defmed as 33,000 ft. IbJjfo . ^ s^^^^^^^^ 

-,.*'•■ ■ , • • . , ■ ' • - " ' ■ . ■ » .' ~' • 

• u - Pbwer 35,000 ' - /xj. i • 

. , , "°"«P°^«?^ = 3^ 1.06 hp. ^ 

Assignment: 1. How much work is done when a^ 500 lb. safe is mdved 20 ft? . b 

2. What horsepower is needed to lift a 4-ton beam 60 frl in 4 min? 

3. What horsepowir is needed for an elevator to lift 4,800 lbs 220 ft. in \ 
iVi min.? ' ^ ' / V ^ ' 

^ /)4. If an engine can do 68,000 ft. lbs. of work in 2^ minutes; what is its 
^ horsepewer? \ 
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Boiler Horsepower Ratings 



> Assignment 



.Objective : Be able to calculate botk the old and new methods of determining boil^ • 
• horsepower.* ' 'y-'. . ; ^^'^ - " ' ' 

Information: Boilers are rated in horsepower. Not too many years ^ .^^ 

Tfiorsepower was deterinined. Uy the number oT square feet of heating* 
surface that a- boiler contained. For example: • 

1. ' In water tube boilets, 10* sq. ft. of heatin'g surface equaled 1 
, boiler horsepower. ^ « 

* . 2.: Jn^^ firetub.^ boilers, 12 sq. ft. -of heatings surface 

' '^-^^^quafed- ^*boilerVhpr^ •. ' .' r'-V.-, ■ (J 

3. In yertical firetube 'b(C^ 'p£^> heatihg surface^^ 

equaled 1 boileH^orsepower. * v 

modern package b oilers-, some companies claim to have boilers that wilL J. 
pr)s^diice .1 bbiler horsdpower for ^every 5 sq. ft. of heatftng surface. Nbwj ; ■ 
how do we determine horsepower? v : ' / 




Well,:\out goes square feet of heating surface and in- comes pounds of . 
steam\ produced*per hour. That's idght,; We changed the; rules. Now,->a . . 
horsepower equals the evaporation of 34.5 pounds of water per hour from , 

.and.af2li°F..-'' ' ' r ■ ' ' ■ ' ■ - - 



\ 



,ney('\ method of determining boiler' horsepower "was; fine except . for 
two" things,. First, boilers do not operate with steain-water temperatures of 
^212°!:. Second the feed-water temperature is not always 21?° F. as it 
enters the ^boiler. So a . correction factor' known as the Factor of 
Evaporation \ was needed. By using th'e factor, of evaporation, you can 
determine the boiler horsepower being developed pn a boiler at any given 
time. : , 



So, 



1 1 T* -1 I T ' Lb s, of steam per hour X Fact, or Ev^tp. 
Developed Boiler Horsepower = Z v . 34 5 ~ — ~ — T 



A bo^er' horsepower is equivalent to 33,475 Btu's. This, is a result of 
multiplying 970.3 Btu's (the Btu's needed for laten^ heat evaporation) 
times 34.5 (pounds of water evaporated per hour from and at 212°F. for 
1 horsepower. » V' ~ ~ ~ 

BHP = 970.3 Btu X 34.5 = 33,475 Btu's . 



Assignment: 1* ' Define a hoUer horsepower. • = : : , * ^'''0 

. r " * 2/ How is the boUet capadty rated in niod^ ' * 

' / •«3/ How many, Btii's is a boiler horsepo>Ver e<|uivalent to? / * • , ; 
' i * . 4. JW^hy dp you^th^k that the sqiiare' feet of, heating surface jnetjipd 'of 

. ' calculating bbiler hor^ . ^ H?^^/ 

5. What is the Factor of Evaporation and 'how i^ it us^ . : * 



■ ^ 
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: Factor of Evaporatitjh Problems • i . ' ; Assighhiefat 2-B4-M1 , : 

information:- To solve a problem involvingv^ developed Boiler hgrsepower^ vye qeed' to 
/ ; * ' . knpw hovv to' find the> factor of evapomion of the given boiler;.it tan^be / f 

, > ::v ;;^^^. ■ fouqd using this^fbrmifla: ^ 1 ■ ^ ' - . 

• • V . i . Factor of Evaporation = gj.Q 3 — ■ •■ . .; > . ^ -.^^ 

Af"- ■ . . - • . •■: ' : .' heal th one' pound of satara'ted steam. V - . J.; . : . 




: ; 1^ . Tpi^ .is' the temperature of "t^^ 

^'■vo:^; ■■■^t'*^^ ■ drum.. ^. V .■■ -■ . .-^ ■ . . '.' ; . 

^-^^ ^ The number '32,^ base temperature of 52°F. from whicK vv^ 

: ; / . ^ calctulate' total heat. 

: •• ; - ■■ " . . 'i'-''', ' ■■' : ■- ■ ■■>^;"^''/^ ':v;:-„-' ' ■ • ., ' ' 

. ' y ' r - .^^^^^^ 

:-■ .-'Examples: . ;-.'V ;■ • ' ' 

^ "i 1. Find the factor of evaporation of a . boiler that produces steam at '400 

• p.is.i.^ that contains. 1204.5 Btu's per pound. The feed-water 

V ^temperature,efiil^ing. the boiler is 190°F. , ** 

: , . V . F;actor of Evap. = — 3 " ' - - 



Factor, of Evap. - ^MiiK^^^^^^ 



970.3 

• ' Factor of Evap. =^ ^^^^97o73^^^ ' =1-078 ^ , ^ . 

2: Find the factor of evaporaftion if the pressure is 120 p.s.i. with a heat 
content of 1190;4^^B^^^and a: feed-water temperature of 210°F.; . 



970,3 



Factor of Evgcgi = 



Factot of Evap. = ''^■^^''T^ , " v ; ^ 

^ ' : Facir of Evap. = ''Xi^''^ . = l-^^^ • ^ ^ ' " •. - 

" .'26 •'■ ; ■ ' ^ .- 
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References: Steam Plant Operation 

\:^;;.- '^,,-1- Elementary Steam Power 



A&Signrp^ntT / 1. A boiler produces steam at 15 p.s.i. that contain^ 1150*8 Btu's per 



poiind. The feed water is 170° Fi Find the factor of'evapqrationr 



••1: 



2. Find the factor of evaporation ^itH the following conditions. ; 

Steam Pressure t . Teirip/ fw' 



a. 
b. 

^"ic. 
d. 
e. 
f.' 



40 p.s.i. 


• H69i7. Btu 


200° F 




100 p.s.i. 


.1187.2 Btu 
■^"^1203.9 Btu 


165°F . 


• " \ ; 


350 p.s.i. 


220° F, 




200 B,s.i. ^ 


1198.-4 Btu 


• 160°F 




13(f p-s.i. 


1191.7 Btu ' 


\40°F . 




250 p.s-.i. " 


. V 1201.1 Btu 


\ , '-:i^°> m 


, -■' - 'y:- 

■ ■ % 
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objectives: 1. Be able to find the rated jior^epow^pf a boileri ^ _ ^; . 

2. Be able, to find the developed, horsej^d'wer o£ d boiler. 

biformation: The det)nition . of a boiler horsepower is **the evaporation of J4.5^pounds 
I * of water per hour from and at 21 2° K" From this definition we .can set up 

the follpwing equation. * .. . 

•■ ■ : B.HP=J;|- : ,, • ,. .M 

'I : ' • . ^ ..... , . . 

■■ where: > • ' .* . ■ ' ' ' ■ 

Wg = pounds of steam per hour- ^^^^^^ li^^ ' 

34.5 = p6unds of water per hour evaporated from and at 212°P for • v 

1 boiler horsepower ; 

Examples:^-. - , ■ ' " y.,\ "r ' ■ ■ 



Example 1. A" toiler produces .:35,000 pounds of steam per hour. Find the boiler 
v'^';- ■ horsepower.\ -- ■ , - ^ , . 

B. HP. =- 



34.5 



B. HP = 35^ 
"*^V 34.5 

B. HP. = ^101"4 #^ 



' ' This would be considered as rated boiler hors^p^wer* : y 

To find the developed boiler Tiorsepower, it is^necessary toJntroJuce 
. . ..^ th e >f ^c t or of ey aporkt iq n as discussed in our pgiyious ressbns,^^^ 
* change our equation to; 

Example 2, A boiler evaporates 10,000 pounds of steam per Hour with a factor of 
, evaporition of 1.24. Find the developed boiler horsepower, 

V ' 1 :L FactofEvap. ' 



. ;|[?A boUerlgenerates^. 5500 pounds of steam per hour with a factot^~oT - ' V* 



; . .. W.. X Fac>. of Evap. 
B. HP. = — 



55 0 0 X h aTf' "^ ^» 

" 34 5<. — / 



If the faetdr qf evaporation is not known directly it is possible to" 
solve for the oexeloped boiler libwa^gov/er^n one s<ep rathe two. 

Wg X Fact! of Evap. , 



.34.5 



Substitute 3 For Fact, of Evap. 



■ . , % X - (Tpv, .- 32)] 

B. HP. = 07n<t • 

• ,-34.5 • . ^ 



B. HP. = 



B. HP. = 



%(^-Tfw^32) - - . , 
34.5 X- 970.3 ; , - # 

33,475. ^ ' J . 



Ypi^ will note that in the aboye equation you ire aqtually findi^'^ 
total heat (Btu's) being put oujr by the boiler per hour; and then 
dividing .that total by 33475 which is the number of Btu's in one 
boiler. horse power. : ^-J.. ^ /: ■ „^,J2!^ 



A boiler evaporates 30|OOO pounds of steam per hoiir. The steam 'v 
. pressure is 130 .p.^, and has a " Btu content of 1191.7 Btu's per 
pound. The feed water temperature is 210°F. Find the boiler 

.., Jiorsepower.-*,^-,vv,,..x.. ^^^.^-..^^^j.-*. 



^- - . 33.475 



« irp _^ 30.000 ai91.7 - 210 + 32V 
. 33,475 . 



tJD - 30,000 X 1013,7 
. ' B. HP.= 908.469 



■''■■i 1;' r 



References: Stean} Plant Operation 

Elementary Steam Power. 



Assignment;, ,1. A boiler producer 25,000 pounds of steam per hour. Bind its rated 
..: ■■ ; boiler 'horsepower^^^' ' ■ • ■ , ■ 

J 2. A boiler is rated;?^t 500 hp. How many pounds of stearh^per hour A^allt ■ 

the bo^er produce? 
)ilel 



' . .3. A boil^ evaporates?^20,000 poiihds of steam per hour with a factor of 
i ;: evaporation of 1 J 9.|Find the bdiler horsepower* 

— — i 4^A-bf^ilftr^^ steam per hour . with' a factor of 



evaporation of 1;93- Find the developed ^ hoirsepower. 
5. A boiler produces . 9100 pounds of steam per hour at 150 piS J. It has 
a Btu content of 1194,1 Btu per pound and the feed virater ien^^ 
tlie drum is 172''F. Find the developed boiler horsepower. 



y. 



\-A:„iiiSii>C;x^.^.;,-j..-r:r^ I it. ■>r«>*f ivi^'. ■ii, ;. •-.-.a^j-A ■a~.,'i:i\..'\-£:^ir^'.:-.-i,;<- 
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Heat: Basic Review^^n&rnis aij^ Theory Assignment 2>C4 



jJ^^Bef^le tc/ define latent heat, sensjible heat, latent heat of fusion,: and 
^ Is^^ht h(^t'of fivaporatidn. ' " , 



Objectives: .1 .MiBe^!|l>le toydij/ihe heat 

cg^ able^o describe how heat is/nieasured and transmitted 



Information:'^ Hea^)s a, rormVof energy due to the molecules within a substance being in 
ij motrbn.^jVe say that this is a /foirm of kirietric energy because of the 



moleculac motion. • :;7v' 



r ' / ^ ^j^j Th^e are; ™:ee^ s^^^ be in — solid, liquid, or, gas. In each ■ 

.. y ^ • ' 1 c- / case, the i^e of the substa^ 
• of ^■ the substliice. If the heat is added or removed from a substance, there can 

be a changer ot state. :. - 



Heat is measured in two ways — I * 

1. The intensity is measured with ^ a thermometer or an 
instrument that will measure temperature. 
• 2v The quantity of heat in. a substance is the number of B.t.u. 
(British thiermd units) ^it has. in it. ' A B;t.u. is the /heat 
necessary to change the temperature of oiie pound of watter 
; / otie degree Fahrenheit. - . 

Now, let's define some terms that will ;^be^helpful in our course of study. 

■ - . ,. , ."' ■ ■ ■ " ' ' .'■ * ' ■ ■ • ' ' 

' 1. Latent. Heat -'■"hidden heat. It will change the state of a- 

substance tut not its temperature. 
. 2. Sensible Heat .— Can -be felt and measufeS witK a 
. » thermometer. It will change the temperature of a substance 
^ ^ but not its statfe^' %^ 
3. Latent Heat of Fusion — Btu's necessary to change one pound 
of ice at 32°F. to.one pound of water at 32°F.V 
,v ../^^^^^i .^^^ change one 

pound of water at 212°F. to one pound of steam at 2i^2°F. 

Heat is transmitted iA^^hree ways and flows from tkMlot'tb cold: 

1. Xbnduction is when molecules come into direct contact \yith 
each other and heat energy is passed from one to the other. 

2. Convection is when heat is transmitted by currents in a fluid , 
such as air or water. 
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* : ^3,- Radiatioi!^ Heat. is transmitted in a wave motion 



^ J the heat from the sun. 




' Heat can be converted to other .forms of energy. The mecjhanical: 
equivalent ' of heat is i78 . foot pounds.^ Btu, Soy Btu can be converted . 
to fobt pounds. It is possible to cpi^ert\to other ^brms of energy. ; 



1 



Referenced: 



Ej^entary Steam Power Enginejering' 
Steam Planf Operqi^dft' 



Assignm^ntf 



\ !• 



1./ Defme.heat. ' ; ' ."i':/:^'- ...i . ' ; 

* : 2. Descrite how heat^ causes molecular mori^ • 

3v: Define the British thermal uqlt (Btu). ' " , / 

\^ 4. • .^Explaih latMt heat of.f and -evaporation, * 

5. ; Define^tenipsrature. ; ' . ' > ~ 

6. Define sensible heat. ? w " v 

7. NVhat are .the meanings of the ternis intensity of Heat and quantity of 
-.rheat? v-v ' ■ ■ . ' \ 

8. ' WhatI is the, raechaniqal equivalent, of heat? 

: 9.; How can we use the mechanic^ ^ , > 

10. What arevthe methods^rp^^ 

11., •; Explain eacU method of heat transmissiofti^^^^^^ • - : 

12; : How. many. Btu's are requk^^^ . 

y a^. One^j)ouri3^bf ice at 32°F. to water at 32° F. . ^ 

r V" b. To raise: the temperature af one pduqd of water at 13 2°F. to water 

■ ' ■ it 2\^¥.^^^^^^^'^^^^^^^^: ■■ y - * ,. . ■ ^- .■; 

. Qne pound of water at 212°F. to steam at 2i2°F. s 
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LATENT 
HEAT 
FUSION 




i44BT.U. 



.1 v.- 



■.Jr > 




SENSIBLE 
HEAT 




1 80 at u. 



WATER 
2I2*F 



LATENT 
HEA T 

EVAPORATION 



B T US CHART 




9 70.3 B t U- 
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Temperature and Mechanical Equivalent Conversions ■'■^ S^^^^^^^^ Assignment 2-01 'Ml 



V Objectives: 1. Be ablc^foiol'tverc Fah^ ^arpciric tempciraturW from '. ^ . --''^ 

\ one scale to^ anqiher.' i 

2.\ Be able to convert Btu's to foo^lppunds and foot-pounds to ' 
•■" • • '"horsepower. • "■■ ■ ' ■ '■■ ' •' •. ' ' 

Information: There arc times "when it is necessary to convert Fahrenheit <lcgrees to ^ - •'■ 

centigrade - d^rees or C(entigria4e to Fahrenheit degrees. , It also becomes .'''-^ 



necessary, to cbavert Fahrenheit degrees to Rinkirie degrees. To change F 
to °C, you can use the following, equation:.. * 



o 



o 



Examole 1: Convert 140 F to C. . * . \ J^r;?^ 



_ °F-32' 140 - 32 __ >^oy. . . ' ' ■ . "^^l 

^ - 1.8 ~ 1.8 ~ °" ^ • - ■ 



To change °C to^°F you use the following equation 

,- J b . ■• ■ ' - ' \ .-^ • ■ _ ^ ... 

Example 2: Convert 60° to ""P. / - " \ " .tM ; 



• W.£. 



• ,°F = (°C X 1.8) + 32 

' ; ^ ;(&o'X;i.8) +^32 ^ : . . . 

• ■ ■ , ^ . ■ ■ ] '' ■ .: ' ^. ■ ft ■ \ 

°F. 108 +.32 = i40°F ' . .0 ' 

To change °F to °R, you use" the following equation. • f ^ ^ 

°R = °F -h 460° . . , _ 

Example 3: Convert 212°F to degrees Rankine. ' . 

. °R = °F + 460° 



'R = 212 + 46*0 =i 672°R 



34 



' • : / ■ ■ ■ °F = 672 -.460 . = • 212°F 



-Itr^has-been-deterrmned-throog h exp erimentsrth at one B txrisn^qtiivab nt m ~ 
vi* . { 778 foot lbs, of mechanical energy, This.Js known as the mechanical 

I . j equivalent of heat. To convert Btu's to foot pounds you have to multiply 

\_ ' LBtu^^X^S •.. • ^ : - >^ '•^- ^-^-^■^ 



1 j Foot pounds = Btu X 778 and to convert foot pounds to Btu's you hav? 

Ub cfivide foot pounds by 778. V 

' - Foot-pounds V - - 

Example 5: The total amount of heat 1 lb. of steam is as it leaves the boiler is 1200 
Btu per pound. What would this be in foot pounds? . 

, ' - ' . . Ft. lbs. = Btu X 778 ■ ' • 

. ■ . = 1200 X 778 - . ^ ' 

^ ' /' =" 933600 Ft. lbs. ^. 

References: Steam Plant Operation • - 

' Elementary Steam Rower. Engineering • i : ■ 

'-:]; ■• .' . ^ 

.Assignment: 1. Convert the following to degrees Fahrenheit, centigrade and Rankine • 
' v . as indicated: ; * « . 



.2. There are 33,000 ft. Ibs./min. in a mechanical horsepow.ef.. How many 

Btu's would this be equivalent taJ t^^ - .it , ^ 
3. One boiler horsepower is' equal to 34.5 pounds, oT water evaporated 
. . - per hour Yrom and at 212^F* The latent heat of evaporation is 9Xp.3 

Btu's per pound. Hqw many^ foot-jiounds woul4^t|iere ^^^^ 
V . horsepower, ' 
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MM 



212 



I 



672 



4 



32 



492' 



-40 



460 



420 



« 
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27 



100 



0 



-17.8 



-40 



-273 



BALING POINI- 
OF WATER 



FREEZING POilNT 

of' water 



3.- lMff,*SC»/l!?.-l» J>iJ 



ABSOLUTE G 
2-C-i-MI ^ 



■ V.-M - 



objectives: K Be ' able to describe liow"^ sc^am forms in firetube and watertube 
:■■ * .« '.'boilers. ' 

2* Be able to describe how the steaqi and water circulates in ftretube and 



-waternihe hoilers^. 



.7; 



Information; In order' to understand what* is happening inside a boiler drum when heat 
is.applied, let's look at a simple drum:- , ' 



{ 



\ 

Steam 
'Bubbles 




r 



The sketch shows that steam bubbles form at the heated surface. The . 
heated water and bubbles are ^isplaced'by the colderjWter and circulation 

:;..i§..e,sublished.....■:-;.J^.^^^^^^^ . . 'V ..-^...-.u.^.,. ^ C.^-,^ 



The cycle is as follows: r. , . } 

■ ' ■ . ■ . ■ ' ■ . ■ ■ L. - . • 

1. Flow of water to heated afreas. 

2. Flow of steam\andih^ated water to upper areas \ 
3» Release^ steam.y\ ' : ; • • - ^ j "■■ 




It should be qUite clear that by adding surface we .shopld get 

more rapid circulation* resulting ifi a quicker ste^^ming boiler. 



Steam 
Bubbles 




Fire^ir 
Tubes 



Internal 
Furnace 
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Heating surface > is defined As any part of the boiler that has water on one^ ' 
side and fire or gases of corhbustibn on the other side, 



.1 



Mud 
Drum 



Steam and 
Water DrumL 



Heavy^ cooler 'vyater 
flows down 




5^ 



LiigN|ter hot water 
and steam flow up 



SIMPLE WATER-TyBE GiUCUlT 
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In a sfhiple water tube circuity the steam* forms in the heated tube. The 
ste;3m and waier mixture weigh less than the unhealed water coming 
down. It should be quite clear how the circulation is established. Naturally 
a higher steaming rate results in faster circulation. / 



REAR 
HEADER 

STEAM 
BUBBLES 



GASES OF 
COMBUSTION 




STEAM. 
^ WATER 
DRUM 



DOWN- 

eOMER 

NIPPLE 



FRONT 
HEADER 
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STRAIGHT pJBE CIRCUIT 
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This sketch is very much like a B &: w4)oiler which yotf%ill learn more . 
about in other units. The gases must make tMrce passes before leaving and' 
both front arid rear headers are heated. Where afre most of the steam 
bubbles forming? Why? 



Ckculatioriv^ becomes more complex ^in a bent tube/ multi-drum bbiler. 
V Notice that, the rear tube bank acts as downcomer to the mud drum, and 
that most of the steaming' occurs in the inclined tube banks/This is sgain 
'■'^A a 3-pasii^bbiler. The steam and. water mixture enters the steam drum both 

above^nd belcvw the watier'sisur face; 

Reference:.. Steam Plant C)peratiQn 

Elementary Steam Power Engineering ^ 

Assignment: 1. Describe how steahri^^ forms in a simple drum. % ' 

2. Is^theire any advsuitage in adding 1^^ 

3. Describe the. circulatiian in: ' ! 4 

a. Simple water tube circuit *^ 
.^-b,. •■/Stra^t^tubevcircuit - 

c.-^;;Bent"^be'cir<:uit : ■. ^v,,^'' 

4. Where does most of the steam bubbles form in a straight tube and 

. bent tube circuit? Why? ' ' ■ 

5/ Sketch a straight tube boiler circuit. . " ' . .> 

V ^ ' 6. Sketch a bent tube- circuitr^^^^^^^^^^ ^^^^^^t^^ \ 
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, Saturati^ and Superheated Steam -Assignment 2-C-3 

objective: Be able to describe the properties of saturated and superheated steam. 

Information: Saturated steam is a vapor at a temperature that corresponds with its 
pressure. Any removal of heat from the steam vapor would cause a 
portion of the steam to condense back into the liquid state. The 
temperature of the saturated steam is -the same as the water it is in 
contact with. That temperature is dependent upon the pressure inside the 
container. For exarnple, water boils at 212°F at zero p.s.i., but water bc^s 
' at 337°Fat.l00p;s.V , x * . ^ 

.. : . _ . _ ■ • ■ ^ ^ . ,^V.., -■^•■^ • , V; ^ ' 

In both cases; the steam and the water are at "the same temperature ^ ^ 
V ^(212.°F in the first example and 337° F in the second example.) These - 
examples-sliow that the tem|verature needed for saturated^steam increases 
as the pressure incfekses. " ^ \. ' ;^ • \ ' 

• ■ ■-• " ■ v. ■ : J ■■ ' . , ■ ; 

. , . . . . - ; ■■ - --i/r- . /. : 

, ' Steam may be either wet or dry when it is .geiierated. If all steam that. 

leaves the water is completely evaporated,! the steani is dry. If there are 
wat^ droplets in the steam, it is u;e^5cifMrczfed^ ' : 

< ' . / Quality isra term showing the anipunt of water in steam. The quality of ^ ^ 
saturated steam is expressed as a p«*cent; of the total steam \evap 
steam leaving a bpiler had a quality of 98%, it is 98%; evaporated- (or * 
contains 2% water). — - . ' - . • 

Dry saturated steam has a Btil content of approximate!^ 1200 Btu per 
pound. (The steam tables used to find the 'number of Btu will be ■:3k 
explained in a later lesson.) 

Superheated steam is steam at a temperature higher than its corresponding 
pressure (the pressure .at which both the water and the steam are at the 
same tenifierature.) Heat has been added to the steam after it has been 
removed from its liquid. Saturated steam is superheated by passing 
, through a heater after the steam has been removed from its liquid. The 
degree of 'superheat w^ftffeWCpend on the difference in temperature of' the 
saturated steam compared to the superheated state*^ 6f the same steam. 

For example, saturated steam at 100 p.s.i. is at a temperature'of 337° F. 
If it were heated to 500°F, it. would have a superh^^at of 500°F- 337°F, 
or 163°Sh- (superheat).' , 
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2-C-3-2 
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■7. '■•;^{:^*,"..-V ■ 



Tences: 



total heat per pound of superheated steam is the heat in the* dry ; 
saturated steam ^lus the heat added 'to superJiiait t^^ 
per pound of superheated steam is in the tables for superheated steam, 
which wiU; be explained in a later lesson. . 

Steam Plant Operation : ' v^;;^:^;^^ - 
Elementary Steam' Power Engineering. 



Assignment: 1.. Defme sittirated steam. 
^ ^. 2. . Define superheated steam. 

3. What is meant by the term,/*Quality of Steam*'? 

4* Where could you_ find the pressure-temperature relationship of 
saturated steam? 

; .5. How would you find the total heat in a pound of saturatfed 'steam? 
.6. How woiild you find the total heat in a poundSbr ^^s^ 
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Gas Laws: Review 



Assignment l-D-l 



Objectives; 



Information: 



1. - ie^ able to apply Charles' Laws. 

2. iBe able to apply Boyle's Law* 



The relationship between the volume; temperatitre, 'and pressure ofy!gases 
lows de finite , laws; ^ Charles^ First Law is for a constant-pressure process. 
'If states: If you heat a gas at a constant pressure, the volume will increase" 
the temperature increases. A decrease in temperature will Vhave the 
/opposite effect. You would get a decrease in volume. This, can be written 



where Vi ari4 Ti are the volume and temperature of the gas Kefo 
heating or codling, and and Tj are for after heating and coolings v 

GharlesV Second. Law is forTa coristanf volume jprbcess, . and p^^^ 
heat a gas at a constant volume, the pressure will increase as the ^ 
temperature increases. -A decrease in temperature would, have the. opposite- 
effect; you vC'ould^get a decrease in pressure. This tan be written as: / • 



Pi 
Ti 



where Pj and Ti are the pressure and temperature of the gas before 
heating or- cooling and and Tj are after heating or cooling. 

to the above discussion, temperature is measured in (Rankine) absolute 
degfees. Volume is in cuj>ic feet and pressure is in pounds per square inch 
absolute.. fc. * 



Yoll now know that there is a relationship between the volume, 
.. r te^ and pressure of gases and that gases do follow definite laws. 

• -^Biiyle's Law is for a c6nstant temperature process, and states: For each 
^ of pressure, there is an inverse change of the volum^. This is the 

same as saying: When the pressure goes up, the volume goes down, or 
> when the pressure goes down, the volume goes up (increases). *This can be 
- written as: 



- 1 - 



or p, y, > P, V. 



2 vj 



f 
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where Pi and Vi is the Gondition before 

condition, after change: Temperature is co^ In the alioye discussion, 
pressure is measured in pbunds per ^uare: iiich absolute. Volumie is in 
/cubic 'feet. , • 

The cbrnbining of Charles' arid Boyle's Laws gives the basis for the 
General Gas Law. The law states that the product, of the pressure and the 
volume divided by the temperature, is equal to the product of the pressure 
and the volume divided by the temperature. This is the. same as saying: . 

. : . Ti ■,. . ■ . i^. . . ■ .... ; 

' Before change, After change 

The unit used will be: ' • 

# Pressure — p.s.i.a^ ^ 

Volume — cu. ft. (cubic feet^^^ 
/Temperature — °R (degr^ 

Steam Plant Operation ' , x 
Elementary Steam Power Engeneering 

1. Explain Charles' First Law^ and show an example of how it/can/be p 
'•• used. ' ; ^ ^'■•-■■^':^r^^ 

2. Explain Chiarles' Secon4 Law arid show an example of how it can be * 
, , used. " , ^ , 

|3. State Boyle's Law. 

4; What is the equation derived from Boyle's Law? - — r"~~ 
5i|| What is the General Gas Law? ^ , 

6. How was it derived? ' 

7. How is it used? 



PRESSURE 200 P.S.I.A. 



TEMP. 
1000 F 

VOLUME. 
2eu. ft. 



777777 



TEMP. 
2000_E. 

VOLUME 



4cu.ft. 



77777 




1 



VOLUME^, 
INCREASES 




tt 



TEMP. 

500 F 

VOLUME^ 

' Icu. ft. 



^77777 



1 



VOLUME 

OeCf^EASES 



.'ADDITION OF HEAT 



EXTRACTION OF HEAT 



CONSTANt PRESSURE;:. 

I. ADDITION OF HEAT-TEMPERATURr^^^^^ 
VOLUME INCREASES. ^ 

2. EXTRACTION OF HEAT-TEMPERATURE 
AND VOLUME DECREASES. J 



TEMPERATURE 



PRESSURE 
180 PS.y 



VOLUME - 



2CU, f t. 



_3e 



777777 



-f. . 



PRESSURE 
90 P.S.I. 



VOLU ME f 
4cu.fi; 




; ]^iME 
''^^TncreAses 



PRESSURE 
360 P.S.I.. 

VOLUME,^ 

" I cu. ft. 



1 ITT! 



7TT777 \ 



VOLUME . 
DECREASES 



li 



t 



ADDITION OF HEAT 

.,,,<.■„„:..,„:, - 



Extraction OF HEAT 



CON S TA NT T E MPERAT URE : 



> 



I. ADDITION OF HE Air VOLUME INCREASES 
AND PRESSURE DECREASES.^ 

2. EXTRACTION OF HEAT- PRESSURE INCREASES 
^A^UME DEdWEASES 
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Solving ftessure>Temperature- Volume Problems ■ . Assignment 2>I>-1-M1 

Objective: Be able to solve pressure-temperature-Volume problems using the General 

■ " . Gas Law. . ■ ' \ . 

... ^ ^ ^ ■ . ■ ^ 

Information: From your previous lesson you know that if the pressure on a gas is kept 
^ . , constant, its volume will change in direct proportion to its temperature. 
This can be expressed by using the following formula: 

Volume (V|) _ Volume (Vi) 
/ Temperature (Tj) Temperature (T2) . ^ 



For exaqiple, what would be the yolume of 10 cubic feet of gas at 90- F if 
it was heated to 206°F? / - . * ^ 

XT ■ /T^ T, I . » 17 - 10 X(200 +460^ / - a ; . 

•Note: (Degrees Rankine) ,V2 — • - 90 +460 'V 

. 550 . 



V, = ■ 12 Cu. Ft. 



GharlesV Law also stated that if the volume of a gas was kept constant its 
pressure would change directly proportional to its temperature; or: 



1^ 
its 



Pressure (Pi) _ Presslgre (Pj^) 
Temperatiire (T, ) Temperature (X^.) 



For example, find the pressure on a gas tiank that h^s be*eh heated from an 
initial temperature of 90°F at 100 p.s.i.a. to 2iJ0°E 



72 : . '-^v^.. T, ■ . 

Note: Temperature in Rankine scale; pressure in absolute scale. 

p 100 X (200 + 460) 

^ 90 + 460 

, ' • , * . , .*•■.■-. 

n - 100 X 660 
•^2 ~ 550 

• i • • ■ - . • * 

P2 = 120 p.s.i.a. 

• V . 53/:. ■ ' ■.■.■^V-':V : . 



Boyle's Law : states that the volume of a gas will vary inverses ^th its 
pressure if the temperature remains constant.^ That is: , \ 

This formula can be used to solve many pressure-volume problems. 

For example, if one cubic *foot of air is expanded at constant temperature 
to 2 cubic feet and the initial pressure was 100 p.sa.a^ ..what is the final . 
pressure? » 



: PiY, = P2V2 ; 



P,Vi 

100X1 



.~ P2 = 50 p.s.i.a. 



In the problem above .what" would th^ fin^ volume b^' if llie final pressure 

■'/was ,200 p. s.i.a. ?.',.'. ■ \'y -'^i-^' ' --'-K'-y ' 





= P2 V, 


■f 


'■-■■Mi:. 
Pi 




100X1 




~ 200. 




= .5 cu. ft. 



When Charles' , and Boylp's Laws . are combined you have what is 
commonly* known as the General Gas Law. Charles' Laws were expressed 

And Boyle's Law •states that:. f 

=^ "vT ^ ^ "vi or i\yi = P2V2 



No\y by combining we find that:"* 




T, T2 



• This' formula can be used ^Ksolve '>many pressure'Volume-temperature 
* , ; problems. , 

*, For example; from the following data what would be* the final gas volume^ 





T . Pr- 


^-^=— IrS p.sa;a. 






= 1 cu. ft. 






' = 30 p.sa.a. ^ ^ 




^. . ■■■ . > V ■ Vt^ 








= 600°F 









15 X 1 X 1060 
530 X 30 



= 'l\;cu. ft. 



Transpose for each unknown and substitute values from above, 



; -'Solve/ fot 1} ' 

Solve for Ti 
iSplve for P2.-r; 



Solve fon^i 



la . 
Pi 

' V2.. 
T2 



^F^VaTj ^ 30 X 1X530 
Vi Tj- : ^ 1 X 1060 



15 p.s.i.a. 



P2\^ T| 30 Xl »: 530 - ^ . ' 

P1T2 " 15 X 1060 - 1 cu. tt. 

Pi Vi tz ^ - ll Xl XIOSO ^ 

. P2V2 " 30 X 1 . 



530?^R 



Pi Vi T2 _ 15 X 1 X 1060 _ ; 

T1V2 530 X 1 ; ' ^^^ p.s;i.a. 



Pi Vi 'i^ _ 15 X l X^O60 _ . 
: Ti P2 530 X 30 " ; ^ 



cu. 



ft. 



P2V2T1 _ , 30 X l X 530 _ ^ 
Pi^Vi . " 15 X 1 



= . 1060°R 



.^:|^f€jrcncp: Steam Plant Operdiioh • 
' . * Elementary Steam Power 



Assignment: 



1, A gas whpise initial temperature is 60°F and h^s a volume of 5 cu. ft. 

heated aCa Voristarit pressure to 580°F, ^^Hat is its final volume? 

2. A-gas hiaying an initial temperature of 80°F is cpoled at a constant 
, pressure untit its temperature is 40°F. if the initial volume of the gas 
' is 8 cu! Tt'., wliat is its final volume? 

'^S. .. A'gas hais an initial temperature of 80° F and a pressure of 30 p.s.iMf 
tfie gas is heated until the final pressure is 50. p.s.i.,'IWhat. is the final 
• temperature in °F? Volume is kept constarit^i / 



-1 ■ ^. 

4^ 



ErIc: 



i:55, 

45 



4.-"^ A gas tank hW a gressure of 15 p.s.i. and a temperature of 50*^fC At 
^^hat temperature wo^ld the pressu^ 
'i-i 5, * When 5 pounds of air is expanded^ It a constant temperature from an. 
\initial Volumie of 5 cu. ft, to -a final volume of 10 cu. ft. and the 
initial pressure of the air is 20 p.s.i.a., what.is the final pressure? 
""^6T~7WKen 4 cu. flTof gas is. alio wed to expand at a constant temperature * 
from an initial pressure of 8 p.s.i.a. to a final pressure of 2 p.s.i.a., 
what is the nnat volume of the gas? IP 
"7. Find the initial pressure or volume of the following: 



c. 



fi = _____ ^ " = 110 p.s.i.a. 

M =15 cu. ft, ; A( ^ - ^ 

P2 = 45"p*sa.a: r P2 = 55 p.s.i.a. 

\^ T 60 cu: ft. • . ^ \^ " = 500 cu. ft. 

Pj. = if d. ' P, = 80 p.s.i.a. 

P2 . = 75 p.s.iia. P2 = 40 p.s.i.a. ' 

\i = 90 cu. ft.. ^ . \^ 
8. Fiitd the^ final pressure or volume of the following: 

'^x a. P, = 180 p.s.i.a. b. Pj = 220 p.s.i.a. 

# . * M = 30 cu. ft.: ; M = 250 cu. ft. 




'c. P, ^ - 225 p.s.i.a. if^Pi; = 160 p.s.i.a..' 

= "60 cu. ft. ^< \J = .12S cu. ft. 

?2 = 150 p.s.i:a. ^ P2 = 80 p.s.i.ia. 

•9. Solve for the unknown values: 



a. 
b. 
c. 
d. 




V, ; 


T, 


P2 ^ 




T2 




•- 5 ' 


600 . 


250 


10 






10 


650 ; 


150 , 




- 850 . 




25 


700 




■is 


1400 




•10 




100 


.■5 • 


600 






1300 


50" 


. 10 


• 650 




15 


1400 


30 


. 25 • 


700 





e. 

f. 

Note: -^1 above values are in absolute — p.s.i.a., ^Rankine, and cu. ft. • 



56 



10. How many times will a gas expand m if the initial , 

temperature is 1500°R, the pressure is -500 p.sj|g^^ 

ioO cu. ft., and at the end the pressure is 1 p.s.i.a. jand the 
temperature is 500°R? t , . ' - 



V^Hirrfr^How many times w£d^he~valume chai^ 



\ 
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Steam iVessup<^^ Relationship 



V-w.'.' • 



Aisiignment 2-b-2 



Objective: Be able to describe the relationship thit exi$ts between steam pressure aiid 
its temperature. ■ . 

Information: Steam is water in a semi-^gaseous condition. It is a vapor rather than a gas, 
and does not follow the laws for gas^ses. The change from water to steam 
. . ^ takes place at /9 temperature that is dependent on the pressure, within the 
^ vessel. At atmospheric pressure (zero p.s.i.)> ^ater will bpil at 21i2^F. This 

^ - means that the water is releasing steaih at 2I^^F wjiile the water also is at 
i- 212° F. When the pressure is increased to JOd p.s.i. the water will how boil 
at SSy'^F, and the steam will also be at 337''F. ' 



• # The boiling point of water increases with additional increiases in pressure 
until the critical pressure-temperature point is reached. TThe critical 
pressure is 3206 p:s.i.a., and its corresponding temperature is 706° F. When 
this pressure-temperature point is freached, water will* not remain m the 
liquid state. This applies to saturated steam generated in a pressure vessel. 

. The boUing point of- water at various pressures can be found in 

Saturated ; Steani . tables. The pressures are in pounds -per square inch 
absolute and the temperatufe is in degrees Fahrenheit. When steam is 
removed from lEs" liquid and heated to a higher temperature^ '.we say it is 
superheated, or that it has a given number of. degrees of superheat. ;The 
number of degrees *is ' the difference bdtween the saturated temperature at 
that pressure and the actual steamvtemperature. 



References: 



Steam Plant Operation f 
Elementary Steam Power Engineering 



Assignment: 



1. 

• 2. 

6. 



Define steam. 

What is meant by the term "boiling point"? 

Why does the boiling point of water change in a boiler? 

Does the water in alL.boilers boil at the same temperature? Explain. 

What is meant by the critical point in steam boileris? Explain in detail; ; 

What is the difference betweergsaturated and superheated steam? 
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i i ' Solving Pressure-Temperature Relationship Problems . < Assignment 2-I>g>Ml 



Objective:. Be able to plot a pressure temperature steam chart. "■ '-''^l::" ^ 

Inforination: From our previous lesson, you kiiow that there is a relationship betw^ 

. ■ dre-tqiling point of water and~the pressurtrlreing exertei^^ [ 

This pressure-temperature relationship can be expressed graphically by 
. using pressure, as the "X- axis and temperature as the spcis; AU values ' 
can be taken from the dry saturated steam tables/ A graph for s 
steam showing pressur^ versus temperaktire can ^so^^^^b^ i 
degree of superheat has to be known and added to the dry ' saturated 
temperature. • ■ /. ' 

jifferences: ^ Steam Plant Operation • ^ . 

^ . ' Elementary Steam Power Engineering v " ^ ' 

Assignment: 1. Complete a pressure-temperature gjraph of dry saturated st^am / 
1^^ ' * starting^: at 50 p.s.i.a. with 50 p.s.i. divisions and^ending a^^ ' 

2. Complete a pressure-temperature graph of 200^ steam 
starting at 50 p.s.i.a. with 50 p.is.i. divisions and ending at 900 jp.s.i.a. 



Note: Use the dry saturated steamtables for the wove prpblems* 



Introduction to the Steani Tables 



Assignmeiit 2-6-3 , 



Objective: Be able to use the dry saturated steam tables.' 



Information: 'When you^are driving in or to a strange lb catioid^you Ibol: for street sigh^ 
You may also use a road map; Steam tables are Wad miaps arid street; signs. 
for"stationary engineers. The be ^miliar with theni iuid ^ 

know how to Use them. ButvbcfforiB thisxah.be done, we ^ 
sonie terminology. . / . ' ^ ■ -r- ['^- ^' 



Gauge pressure: The pressure recorded on a'stearri eauie. 



^ / . /Intent he/^t|^Hdden heat, ^^^b^^^ but 

: • riot its temperature. ^ : 'l^^' ^ ^ ' /^ . * • 

^. . \r -latent iieat.pf^K|i6n: :^^ 

■ 'i'^ » . C*4§i^^-f^^^ ' •' 

i V^ ^-» 'rW^^^ter '33? btii per pound)!^^ t« - 

■ ■ V v;:-'' • ■ - -h^-A ■:■''!■ ■ i .■ '.'f .-^/^ ■ ; ' ' ■ : v -f • ■': 

> > ; •* ; Latent heat ^Valiorjj^^ 

212°F^(tike^ 970.f£ii p^ pouriily. : ^ j - f • . 



"^^^X t^ ^^"^ ; S the sum Sensible- and^late^^^ 



, . . ;r .-^/^^^temp^atare aiid pijessure-ami as the prepsurcf increases the: . '/ i ^ ■ > 

. ■■ ■ ".}.' : : .i'** ^ 4^ ii^pfi|?^li^ i3o\j^lpjuptil ^ «x - x l 

;;• *• '^glll^ . ■Kv." .T^V .p*^a; then decreases sloWl^^^^ 

••' V^;^- . . . • ' :• •' 'ih^ACriticaliJ^ress^^ . ■ '. ' v ' • . ,'r■ 



the pr essur<|^l5^ppf oximate . . 



References: 0team Plant Operation 

j ^ - Elementary Stedtk Power Engineering 

Assignmeiit: 1. Define: 

V. a. : Gage^ pressure. 
b, Absolute^pressure 



• 



c. Enthalpy 

d. Xatent . heat of evaporation 
Sensible heat 

*2. How maj^ BtuV are necessary to raise the temperature of 1 pound of 
Water from 32**? to iuy? . 

3. How mMyl^^Btu. are necessary to change w^ter at 212*'F to steam at 
212^F?^^' 

4. What will a study of the steam tables show? ~ 

5. As the steam pressure increase^ what happens to the latent heat of 
V : evaporation?, ' * ' ^ \ ; 

6. What is the critical pressure of steam? - . 

7. iJsing steam tables in Steam Plant Operation, msAie 3 graphs showing 
following: , V • , ' . 

a. Temperature of steam j 

b. Enthalpy; of saturated liquid 

^' Enthalpy of evaporation "V 
and using pressures as' follows: ' - 



a. 20 p.s.i.g. 

b. . 6!5 p.sii^g.. 

c. 70''p.s.i.g. 



d. 
f. 



80 p.s.i.g,' 
100 p.sa.a. 
120 p.s.i.a. 



si 



, s 
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objective: Be able to solve problems* using the* steam tables. ' . ; 

Information: When looking for irL|djmiatipn in the Dry Saturated^Steam Tailyiesfyou 

V sometime find that the infonnatiori you s 

; times, it wiU be necessary to interpplatei:between given values. 

^ Example: When the'steam pressure' is 24 p.s.i.a, find the; 



a. Enthalpy of saturated liquid ' ' ? 

b. Intent-heat of evaporation 

c. Entlidlpy of saturated ^appr ^ * 

d. Saturated temperature of steam - \ 

You ' Will note from your steam tables that 24 p.s.i.a. is not' recorded,- but 
'20 p.s.i.a. and 25 p.s.ka. are recorded. , > 

To interpolate andcvfmd. the ehtfid^ liquid, proceed i as, 

follows:'' • ^ 

' Pressure - Enthalpy 

i ' • r- 20-1 196.16 - 

L,24 -5 IV- 205.968 



25-1 



. 208.42* 



— 12.26 



24 - 20 -4 : 208.42 - 196.16 12.26 

/ 2s - 20 ='5. \ _ / 

/ Multiply ' y ,X ^2.26 = 9.808 . \ 

^ Then add 196.16 + 9.808 = -205.968 

Ipfhe enthalpy of saturated liquid for steam at 24 p.s.i.a. is 205.968 Btu 
per pound. 

Next, to find the latent heat of.evaporation' of steam at 24^p.s.i.a. . \ 




■ ■ ■ 'j 
' ■ * I. 

■■hi: 



Pressure 



r 2Q-I 



Latent Heat of Evaporation 
,960.1t| 



24 -5 , ajt. '953.7 1-8.0 

25 J / ' 952.1 J 



' .V. 



. ■ v. 



" X 8 - 6;4* 



«Sincev the latent Heat of ' evajppration decreases as the pressure increases, 
subtract 6;4 from 960.1 which is the latent heat of evaporation at 24 
/p.s.i.a. ■- ■ ■ \ >. v 

/ 960.1 -6.^^^^ : 

Then find the enthalpy of dry saturated steam 



Pressure 
20 



25 J 



Enthalpy 

1156.3 -1 

1159.74 -4.3 
.1160.6 - ; ■ 



Multiply ^ X 4.3 = 3.44 



Then add 1156.3 + 3.44 1159.74 Btu/lb. which is the enthalpy : of 
steam at 24 p.s.i.a. " 4 



. To find the dry saturated isteam temperature at 24 p.s.i.a 



Pressure 
• 20-1 
.24 



-5 



Dry Saturated Steam 

*227.96 -1 . 
^ ' 237.648 1-12.11 

» ' -'240:07^ 



Multiply -J X. 12.11 = 9.688 , 

Add '227.96 + 9.683 ■'=ix ;2^i648°F vv^ich is the temperature 



References: Steam Plant Operation . - \ 
' :: Elememtary Steam Power Engineering 
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Assignment: 1. Fiqd: 

' a. Enthalpy of saturated liquid „ \ 

• b. Latent lic^at of ey^pratipn 

^ d. Saturated te^^^ • 
for each of the following pressures wliich a^e given i 



1. 


18 


6. , 


134 


2. 


22 . ' 




153 


3. 


45 




196 


4. 


32 




■ 223 


5. 


113 . 


10. 


-264 



A 



Do all.work and then put all answers on separate paper as indicated 
.below: . .. — ~. r'^ ■ 



la. 
b. 
c. 
d. 



2 a. 
b. 



c. 
d. 



3 a. 
b. 
c. 

' d. 



etc.* 




Development of Firetube Boilers 



Assignment 



dbjective : Be able t6 ;describe how the firetube boiler was developed, 
Information; In order to produce steam we need three things; ' 



container 

water 

heat 



CONTAINER 



3-A-hf 

The cofitairier .will serve two purposes. It will hold , the water, and it will* 
provide^a means of transferring the heat to the wa 

Water is the medium we use to make the ste^m because it is. plentiful and 
cheap. We could use mercufy, 6r almost any other liquid.; ^ 

■ ■ ■ ■ ', ■ ■ ■' ■ f ■ ■ ' ■ ' . , ■ ^ \ ■ 

Heat will produce the necessary physical change we isure trying to b^ing 
about. - . ' 



Now, we tviU take our Container, fill it half-full of water, and, build a fire 
under it. If we added a. t^p to our container, we would have a simple boiler. 



CONTAINER 



WATER 



FIRE 
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3-A-I-2 



CONTAINER 



WATER 



FIRE 




3-A-h3 



Whe&;^ the fire heats the >yater to 212°F, the water \vill.begin to ,*boil. If 
mbre heat is. added, the water will .change its state and turn into steam. In 
order tq use this steam to do work, we must capture it and lead it to its 
working station. ' " i 

But first We will have to make a few changes. We will put a top on our 
container; and leiad. a pipe out so that the steam will flow up through our 
pipe ias.it gatliers in the top of our container. We^ can now lead the steam 
to where it is needed. ' ^ '" 



STEAM LINE 



STEAM 



WATER 



FIRE 





^ 



3-A-|r4 r 



Nbw, everything would be fine , and dandy; vvit]i such a hoqk-up.excfipt for 
a factor that always creeps into all picture$ --Mow^^^, We must not . waste 
money' making steani so, we must make a more efficient boiler, one that 
will produce more steam without ^sing more fuef. Now, we start to think, 
**How can vye get more heat from the same amount of fueF?** 



Well, one way would be to give the heat a larger' surface to work on. By 
•increasing our he&fing surface, we put more water closer to the heat, S0:>* 
we lay our boiler on its side. ■ ^ , ^ \ . 



; HEATING SURFACE 



FIRE 




3-A-I-5 



'This helps, but w'e should- be able to dov better, Why riot put the ^Se 
inside thl wate^? That's what We shaJl dd; 



STEAM 

WATER 

HEATING 
SURFACE 

FIRE 







— — 











-A^ain, there is improvement. Wc find that the fire would burn better if it 



J haa more air and a larger place to complete its burning, so we add a 
combustion chamber. 
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FLUE GAS 
SMOKE PIPE 




GASES OF 
COMBUSTIOKl 



COMBUSTION 
CHAMBER 



WATER 



\ 3-A-I-7 

This, has indeed .helped things along. But, again the cry ^ Moneys Money , > 
Money! Cut tjic fuel bill. Again, we . start to look for , something a Ijttle 
better. More heating surface is the answer, so we again increase our , 
Kb'ating surface. Our final sketch is the Scotch marine boiler, and chahc^Si^^<^ 
are this'is how it was born. / , • - 



• PASS FOUR- . PASS THREE. 





' -\ We. Still have the same threr^^^^^ 

^ ' ■ ■'. , ■ v'^ ■ . ' 

.■■^ • ..■ contamer --^ witltTadclitions 

■ ■ ' " • water- ' ' ' V ... ■ ■ 

The only difference is that we' h^e put: as much>vYater as possible next to 
' the hot metal. *Thjs means faister circulation Vof wat^^ produce 

stLam faster. „ ' : . 

, ■ \ ■ •.■•■■v^^v .■ • .,: ' ■■ ^ ■ . ••../: . " ; , ■ ; 

" Steam Plant Operation ' - y " 

:i^^'What-:i$ a boiler? ■ -^'^ . 'M. 

•2..'^befine,-a;fifietube i)oOe^^ ■■■ ;^ ^ ; .t:.;,', ■-"W ■ 

.3. 'What is^mearvtilby^boi^^^ ^ ' 

4. Discuss'the requirements of a good boiler. 

5. List at least' 2 boilers that are internally fired and two that are 
externsdly fired. • ^W^i' 



5^ * ' 
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types and Classificarion of Firetube Boilers r Assignment 

• •' .■,*.'."■•,■* ^ ' " ' . • •' 

Objective: •: Be able to identify a firetube boiler as to its type and classification. , 

Inforniation: In the last lesson we looked into the backgroUnd/of how the Scotch 
marine boiler came into the world. Just to keep the records straight, the 
Scotch marine boiler is not the pnly firetube boiler in the world. Boilers 
ysuy^in. design and ho rsejpower just as cars do. ^W^ 

is npt the only cajr on the road,^ althought*' I'm sure Mr. Ford would like . 
, you to believe that it is. . ' ^ 



Let's see if we .can get to know the different types of firetube boilers. 
• First, we^U^look at the vertical firetube boiler. There are twa types: the 
i^ -v^^ ; submerged' tube type and the exposed tube type^ Notice that both these 
boilers are alike except for the tubes. One has die water level covering the 
tubes and the other has the upper third of the fiubes exposed to the hot . 
.jiX- gases.of:cc«sifeustion.;. ^ , v.\;.. , 



You can see that the gases o£ combustion go-straight up^tllii tS0sj.t^ 
stack. It's not what we might consider good efficiency;j^.know;thatVe 
have to |ceep the gases of combustion in contact; wU^^^ 
to get the heat to the w^ter. , ' ■ 




The naitie sort of speaks for itself. We find this type on trains and steam 
tractors. It is a hSnzontal Boiler, and soifietKing hjisSljH added — a 
Baffle. The baffle slows up the gases in. the furnace; When we keep the 
<>gases . in contact with the heating siirface longer, then more heat is 
absorbed by the water. Hot gases in thtf<st^ck are just dollar *bills going up 
the.stack."' .- ^ ; ■'j.','. ■ .. .L;, , 

The next boiler we will look at is the H.R.T. Boiler, meaning, the 
Horizontal Return Tubular. 
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. V It is a boiler that retaiins the. gases a little longer. They have to pass/ the 
. length of the drum andj|p through the tubes located inside the drum in 
order to reach the stack.^ThJs boiler will be more efficient ■ than its 
cousins: the verticaj^firetube t^oiler aricl the locomotive boiler; more 
miles per gallon of gas. * ' '. ' 

In looking back over the boilers, notice that, they are all different Mooks 
. and design. But, they all have the same basic equipment such as a raebox, 
fire tubes, safety valve, stop valves, manholes^ handholes,. gage glass. 
Bottom blow-down valves, pressure gage, etc- A Ford h^. the same basic 
equipment as a Buick. They just look differenjL, and one gets more mile.age 
per gallon of gas with a few more bunips- The same, thing a|)plies to 
: boilers. - I , . 



Reference: Steam Plant Operation ' * 

Assignment: 1. Using the attached, chart, identify the school boilers. 

„ 2. How many other types. of firetube boUers^are there?^;^^; . ; : 
3. What is meant by a horizontal 4-pass boiler? 
I 4. . List the following information about a 4-pass horizontal return tubular 

boiler: 

a- horsepower range ■^fP'■ ' " 

b- pressure range , 

c. advantages* I . - 

d. disadvantages ;: 



: V jDCormaticM^ The Roman and 



\' ' 'fqund-in - the ruins of 

t .Pompur i^ncaV an^^- U i 'BoUer vin 1 629, and 

Savar)|;;^roducfed on^ iVi^^ 



r:: -Early ^v^r|ipns; of , the \firetu^c^bo{^^^^ shel ls. The 

f ympd&m- S^^ boilers are of ^^^^^ec| j cb/nst'ructiop^ But due to their 
viqgn^ttuction^ 

• V / • . . ' ; ■ ■ V ^* ■ ■ ■ ' ■ • ' - 

•Figures 3-A-3-1, 3-A-3-2, 3-A-3-3, and 3-A-3^:: are samples of riveted 
construction showing the joint efficiencies; Welded joints are considered to 
. be 100% efficient- : : .^'^ ^^.^.^ . / : . . 



The tube sheets of firetube boilers being flat require, elaborate methods of 
• staying to prevent bulging.. 

Figure 3-A-3-5 is a through stay, which is used to hold front aiid rear tube 
sheets together. Figure 3-A-3-6 is a stay bolt that holds inner and outer 
wrapper sheetsv together. It has a telltale hole 3/16" in diameter extending 
1" into the^ water side o»f the boiler. If the stay bolt fails, water and steam 
-^will leak out, the telltale, hole warning the operator so that the stay bolt 
can be replaced. Figurc^^3-Ar3-7 is a front^ and side view of a girder, stay 
used to support tke crown sheet of a Scotch marine boiler. The, crown 
sheet is the top o|^- the combustion chamber. Figure 3-A-3-8 is a dog stay 
used to hold manhole and hahdhole covers iil place. 

Next fime yoii see a sketch of a firetube boiler locate and identify some of 
the stays mentioned in this lesson. 

♦ » . * 

It should be noted hero that the Mechanical Inspection Bureau, New 
Jerse)f Department of Labor and Industry has juristiction^ver boiler 
coriStruction and inspection. In part it states that: 

.y- ' • . ■ , , ^- . • . . 

■ ■» ■ . . . , i„ ^ ^ . . 

"All Steam or Hot water boilers used| in this State must be 
MS . constructed and installed in accordance with New Jersey approved 
standards. This^jequires that tkey be constructed and installed 
, ' , according to the A.S.M.E. Code and stamped either New Jersey 
Standard, New Jersey Approved, A.S.M.E.; or National Board.'* 
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References: Steam Plant Operation , 
' Mechanical Inspection Bureau Rules and Regulations ' 

Assignment: ^ 1. -What is" a longitudinal joint and how is it constructed? 

2. What is a circumferential^joint and how is it constructed? 

3. How is expansion and- contraction taken care of in an H.R.T. boiler? 

4. How are the inner and outer wrapper sheets on the water legs of a 
. /vertical firetube boiler heid^together. 

5. t^^w are tubes fitted to the tube sheets of a firetube boiler? . 

/ H ■ ' 6. Why do vertical exposed-fube boilers encounter trouble with .tubes in 
the up^er^ube sheet? 
7. What does A.S.M.E. starvl% 
■ '\ 8. Why was the Mechaniqd;.i^spection Bureau, thjg Examining Board and 
the Board of Boiler, Pressure Vessel and Refrigtm^^ Rules instituted? 
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SINGLE RIVETED 

LAP JOINT 56% EFFICIENT 




"Gf d:o"' 
a. 00 • 



DOUBLE RIVETED 
LAP JOINT 70% EFFICIENT 

3-A-3-2 




TRIPLE RIVETED 
LAP JOINT 85% EFFICIENT 

3-A-3-3 



) 

) 
) 



O O O. 

OV O * 0 

00 o 

00 o 
o . o o- 



TRIPLE RIVETED 
DOUBLE BUTT- STRAP 
JOINT 88% EFFICIENT- 

3-A-3-4 




THROUGH STAY 



3-A-3t5 



TELLTALE "hole 




STAY BOLT 




;/ ■.;•/: 



3 -A- 3- 6 
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itf-j V- 0'.' 




GIRDER STAY 



3-A-3-7 



0 



DOG' STAY 



3-A-3-8 
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Development of Watertube Boilers' 



Assignment 3-B-l 



Ojbjectiye; : . Be able to describe how tlie watertube boiler was developed. 



Information: Man has never been satisfied ^%rilth his environment pr^^s working 
conditions. Because he is basically lazy he was alwayte looking for easier 
V ways of ; doing things. He harnessed the oXen ahd horse to Tielp plow his 
fields. He used animals to pull his wagons and to transport him over long 
distances. As our society developed from agricultural to industrial, it was 
evident that man needed more than animals to help him. Records show, 
that papers were published on the generation of. steam as early as .1 57 1 . 
Men like Somerset, Papin, Savery, Newcomen, Desagulier, and Watt were, 
the pidneers who worked-to harness steam to benefit man, The^first boilers 
were firetube. With: their increase in because of the industrial 

revolution of the middle 19th Century, there were a number of 
explosions. In the interest of safety, men started to look toward the 
• watertube boiler: • 

The earUest record of a watertube boiler goes back to ^^1 
patented by William Blakely (Figure 3-IVt-l.) . . 




♦ 3-B-l-l 



Looking at the following sketches you can see how the watertube boiler 
changed through the years. 
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-B-l-4 



The frrsft sectional boiler with vvelj. defined^^^ was developed, in 

1825 by' Joseph Eve. 





3-B-I-5 

Goldswbrth Gurriey built these boilers for use in his -stearri^^ carriages in 1826. 
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Developed by Steven Wilcox in 1856. Was first to use inclined wateyubeS 
to connect water spaces at front and rear with steam space abovie. * 



ilJ[ILH!ISlr:llll||];|| 






First watertube boiler vyrth inclined tubes in sectional 'form. Twibill in 1865. 




First B. & W. Boiler patented in 11 867.- 
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■ : f^ ': Witft"';^ne Tapid "growth o iiJdustFyTand the^:need fot ito at hipier .; 

^S- pressures, it was only paturil that the deyeidpment 6f the watertube boiler ' . 
: . would .make rapid strides.; The sl^itches b^^^^^ 
these strides haVe bepn 





5 -'a^'-l-.v. f >\ 



V 






3-B-l-ll 



1924 Chain Grate Stoker . • 
650 p.s;i, and 750^steam teniperature. 
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' ' ■ •#/ ■•^f^niean/'that there 4?/ no' /"place _ for ' fire tuj^^ 
iMii^" '^^^S-' * ^^^^^^ fits ixk very* rticely wi?ere mocle/^^^ are needed and 

■ .^^ qvMtities ,of steam are fot too h^h, Then tfr^^l^^be boiler can do an 

: , . .* jexcelleni job, . . ; ; ■ ' '^i? , • 



^ ^ ' ; ' Cl^iv Reference: / Steam Plant Operation 



in 



; . Can you» explain why* the %ai?ief^^^^ Explain i 

■■ ■ detail.-. ■■ . ■^'.••i^'^V' V ' 

.2. Can the firetube cjr vro itertube boilej* carry a higher pressure? Explain 

your answer. ■:'''-"-^^^^^r-^"'^^''' • '•. ^' ; 

3. Is the danger of explosions greater with the firetube or the watertubes 
boiler? Explain in detail/ ^ 



* 



.jr. 



4 ■ . 




■ a-: ■■■ 



i;r,>i ii Bi M Bi;r . i.;iv->.p.>i:>.,;iytaia/M^^ 



■.at. ■ 
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V Objcjftivc:^^i( B^ al^^ to identify a -' watertjube boiler accoiding ta its. ^type ancl 
Information: Boilers can be classified as follows: 



Vertical or inclined tube 0 * 
. .. According to us? ^ttiftionarpor 

3. InterhaUy jpr externally fired. 

Tfie types^ bf watertube^^^^rs are: 



t'l- Single or multidruni ^ 
2. Straight or bent tube 



:,-?53!:. 




. ■ 3: Sihgle'or^ultipass ' '-/'"''^^ . -/r-^ 

4. Method OMiring — oil, coal, gas, or cpmbmation^^^^^^^-^^^^^^ y-^m 
,5. ; High or;|^pipressur# ' 

From this infori^ion, ^^pu can see :,h^ maiiy vsiriations oi|f^v\^a^^^^ 
boilers are popible. When you seei a bjoiler, ti^ce^the time to 

clussi fyjt . y ^i- -.'^i^it;:' : ■ : - ' ■ 



Steam Plant Operation _ 

merit: Briefly describe, a vertidtf^^ A ? > ..' 'y 

2. Give some examples of wh^re wateriti^e 

3. Explain the differenceyl^ty^ boilers. 
^^^'^ Are watertlibe tSj^l'^rs irij^^y ariii jexj^rn^^ 



^@f^^:^riefly describe^r%^inult^ straiglit tube: 
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Basic Construction of WatertilM Boilers 



Assignment 3-B'3 



OBjectivjB: • Be abl<g^ 

■ ' ' / V. . ^ / ■- " r,',;^' . •■ 

Informatibn: All boilers operailBig; in the State of New Jcirsey must be constructed and . 

^^stallfed accoix^ A;SiM.E; Code. The A.S.M.E, (ibde vv^ 

' instituted to govern ' an^V control the^pesvb material^ the methods of 
cdhstrliction and proceduifes'>_of ^instaUltl^ of boilers. Boiler material will 



■Si 



vary as to boiler temjperature and pres^^ujres. 



It has been -found that; boiler dnitns and shisll^,' braces^ stays, and tubes 
will bc^istibject to continujJ stress!*Srid high temperatures when ^A^^ 
in operation* ^The A. S.M.^. Codelj^^ sure tRat 'bbilerS and fi|tmgs are ; 
st rong enough and made of suitabfe ma^eri^ to withstand both forces and H 



' temperature. Thf^^i:^^ thar' riiust: ^ allowed for are: tension, 
compressionr and. ;^E^^; . Boiler des 
. contraction.^, ' ' ' ' ' " 



. Reference: Steam Plai^J^ 

■ ; . Assignrh^lll^ 1. What ^^^airbon is a]0|^ed;:irv^^ effect of ^ 

; > . ^^Cv.'^^ . 4/%hat fkctors mii& be "xonsider^^^^ 

\-V^^"M:J^ v-V . ■ ^owaye. ^yo^king5^^ 

■ "" '^i"-'^^^^^-''^^^^^^ ^' ' what .is meant^by-'&ctor of'^afe '* ^-^S^^ 

t • 7^ Why^jM 



maxunu 




4 ; , 



...... . ■ ■„^„ .-.-.'"^^^»ivv:-' 
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Rules aiM jRegulations of the Mechanical Inspection Bureau 



t 3.C-I 



Objective: Be able to apply the. New Jersey^^^ Inspection^Bureau^s ru%s and 

; ;^ regulations as 14icjy apply-«tb boilers! ' > • 



Information: The MechaniciT Inspection Bureau in Neviryjersey was established, in the >^ 
^ of safety in construction and operation of steam boilers and . 

* ^ related equipment. The Biir^u is interested in safe engineering practices ,^ 




throughout the State for thc>protectipn of life and property 




^^^Notice S^^ mention "safety first befote ^efficiency Vand 

pBptec^pn of property. W4;th this in mind, they have set up rules an|J ;;l 
regulations that /engineers, contifactors, owners, lessees, operators and - 
inspectors must, aiiher^'to* It isv yoiit respona^^^ familiar 
wi.th>;.these rules and regulations so., tral you will follow _thti?fe.v-^^^^ all in 
the interest of safety. * 

The Bureau requires that all boilers cover^cl'by these statutes be inspected 
Ipinternally and epcternally^ once a year^ This^iffspection.^^ 

by either a State or an insurance company inspectoh The boiler sjppe ratirig 
. in New Jersey yiust be built and mstaUed in accordance 
Code and they must be stamped%ther New JerseK^Staridard^e# Jersey 
approved, A;S.j^E., or N^i:(5na|, Board. After thiffibdkhas had%i''fijre1 



tion-j^^flfe Bureau will issue thSpoiler a state number and 
certificate,^ The State number must be stamped,^^^ ^^'f^^ 
inspe<it6rr^*'th^" shellfloX the . bojlui next ?o ^e. K^mifacturer's stampings . 
^^in iiurribVrs not .less<*th^||^?4" hiPr llifse numberlPnust also be yisibl||v y 



msi 



firsT 



.a 



displayled on the fronts of the boiler. The State numbejr willMso be 'founc 
■■,^.:;f,;:^oti^. the Upper left i^mfcorner of the; boUer certificate. The boiler 
certificate, .engineer's J^nse, and fireman-s jfieenSfe- mUst:We^^displ4#d in 
" the boiler or engmei^oom under glass* 1^ ^ ^ u:; ^ -^t : : . ? 



■■■r: . 



'V. 



The boiler certificate is a permanent, document,, and if: should?be'p^ 

under glass. Aftei: each 'inspection, a new decal will be ISsued by the' State i '^ ' ■ * . 

and must be^placed on ; the jglass inyther lower leftrh^^ without£>J;';/:^^^^^^^^ 



Reference: 



disturbing tnlroriginjd dodument. 
^ew^Jersey Rules Shd J^i^^ 




: Assignment: 



4h 



1. How often must boilers be inspected? ^ C , . 1^ 

2. What boilers come under the Mechanical Inspection* Bureau's 
inspection requirements? ' " 

3/ ;:vWhat stamping miist be found ton bi^fers in New Jersey f ^ ' || 

4. Who issues the boiler registratioil^uml:^ How dcK you getjSne? 
*Whej:e must it be displayed? . •! | * 

5. Who issues a^ler certificate? H(^ do you get one? Where must it ; 
be displayed?^^ penalties if anjj^e: incurred if it is no^osted? 



T-ir— ^ 



1^ ^J!^ 




•V" 




■ ^ 
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/Fired Pressure Vessels . 



Assignipnerit •j'D*! 



Objective: Be able to apply rules covered in AiS.M^^ Code, Section I, on Power 
"Boilers/ ■ ■ ' ■ '-'^r '^jK- ' • v^. ♦ 



Information: The A.S.M.E. Code is made up of 11 sections. The parts of the code that 
' are most interested in are Section I — Power Bgiljersf Section IV ^ 

Heating Boilers, Section VI - Recomi^i^^ed Rules for Care and 
Operation of Heating Boilers, and Section VilW- Recommended Rules for 
Care of Power Boilers. ; , ' : 



In order to ^operateia plant, you must be familiar with what you can and 
can not doV You must kriow whi^ repairs you «in make, and when it is 
netessar^. fO,call the: inspector be/ore certain repairs can ^be made. The 
A.S.M.E. Code was established for your" safety. Be safe.: Kno^ the Code. 



Reference: A.S.M^B. Code,' ScJction 1- 



V 



.Procedure: After studying tjie information and References, complete the following 
assignment and be prepared to discu^t in class. 

Assignment: -l. Syl||ic>n I ot^ the A.S.M.E. |^le is divided into 7 p^rts and an 



appendix. Describe each. 



^9 



4^ 



f^ii^..tfe?.Besid6s the synibol, the A.S.MJE. Code requires the manufacturer to 
stamp certain iten;»s on the boiler and on the-^ water walls;'superheaters, 
and steel economizers. indicate what these items- are^T^iis informa 
will be founA^ Secjtion I. ? ' ^ 

3. What are the general requir^ents- for feedwater piping in Section I o£j 



A.S.M.E/Code?i 



4. ^Icetcb and label code jurisdictional limits for^^e^dwater piping, 



I 
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SaiFety Valves; Types, > Purpose and Locatioh 



Assignment 4-A4' 



Objective: . R!lj|jP to describe the types, purpose and location of safety valves. 

Infoiliitiori: -gEvery fitting ^on .a boiler|^s tKere for a definite poi^|!|xfrA.reasbo, jV i^ 
-• i , ,: V ■ ^ f*-^ ';.Tpr , safety.; efficieiKiy.'or^afety j^d .efgiijisyaisy; -There is *io"^^ 



i^;<^E^^ is considered to be 

"^'the most important valve on the boUer. Boilers are designed to have a 
ftaximum allbwabie working p|j^ure. (M./^^ pressure is 

Exceeded, it could cause a^|j|pQure on the-pires^^^ boUer which 

cbuld^ cause -a boiler explosion. If there is a sudden-, drop in pressure 
-without-^-^orrespondin g 




~ - - - - : . . ^Yj- ' r^^: ~ ■ - • . , ^ .. .. 

flash into' stesiliti causing a violent release of uncontrplled energy. The 
purppse of thelsafety^valve ^. to pro^^^ the bdUer from exceeding its 
M.A^.P. It wilj'pop open releasing^lhf^steam and^^ remp&i^^pen until 
there is a definite drop in pressure. This is J^^^ as blowback or 
blowdown of a safety. 

Saf^j^ty vejve^^ at; the 'highest part, of the sjceam side- of the ' 

bo'^ppB^m be coiinected iito ; the boUer shell according to the 

A.StM.E;'; Q)de with no interveni^^^ between the safety A^d the 

boUef;.*^^^' - ' 



ThjEi only type of safety valv^^lowed iri\Nev^%£rse)^^ spring-loaded > 
'J}i5«>*P^P"^y^^ sajfe^^^ valve. .The :l|j5^^^ dead-weight safety/yalves cannot 

be' iised because they cah%e tampe^^^^ . M 



|^,Re(erence: ' Steam Plant Operation 
signtnent 




V. 

a 

2. 



3. 



4. 
5. 
6. 




ti^S.j^pes of safetjr^alves. Which type is allowed? l^.^Ik^ 
Where is th^safety valve -locdce d^n a.-boilerr '^'S^^^^^^^-'^^ 
^^♦;4^^^he^saf^^,£y valve considBK the most impdrtaii^^ve o^^^^ 
■ boiler? . \^ \ / / ;t>- ; " i^^'^V! , 

Wh^t do^|M.Alw.P:%ieaii? • V ' . y ^> ' 

Wh^t is meantTby blowback or.blowdo^jwv^a safety yalve? ■* 
How does the saifety valve protect the yi^r? j . ^ - 
Will the boiler explode every time there is^failiire on the [Jreiis^ure ^ h 
side-? Explain your ag^er^ ? 



94- 
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Safety Valves; Comtruction and A.S 



E. Code 



T 



Assignment. 4^ A-2 



bbjectives: 



Information: 



1/ Be |jbie to de^bne 'i^bW^ constru^S^J ^ 

2.; Be able to list some of the Code requirements for safe^^ 



We hive' covered thci^ types, ^urpo^etaJid . location Now; 
let's dig in and find out 'how anH ^!^3f;^ safety valve. works. ^^^^^ code 
States^ every- Vsteiht; boiler friust ha^^^^ and any 

bbifer having;^ morie ;.than 500 ^square fe^^^* heating s^urface shall have twd 
or iri|pre safety; valve capSty mui5t be:v^^ 

I, that thPm)iler can general the pressure to 

Pian .6% 'above the highest pressure at which any valve is set 
(arid in no (^|s6 more than 6% above the M.A.W.P;).'* ! ^ V 




: a 



' f - v-^- s^^ty ' op^ fully \at 

piis^ieJetiiiinj^c^^^^ It must remain >.operi until there is a definite drop 

' : in pressiire^^ 2 lb. to -8 lb. 

^ ' ,^^eIo^y popping pr«es^ but^rieyeit. more than ^w|?f set pressure. A safety 
- ..^7. YaJvj^: 4qse ii^iil w^aut chattering, ©nc^ the^ valve .has reseated, it 
•'■ '"^L >fti^^t^i!t»^ oir 'adjusting safety valves -idipuld^ o be 

"^\r dori^e by 4 cpmpetfiiPper^ arilt 
maintenance of sJfety }%lves. ^ ■ by thS 

^ ^ ; manufacturer or hisi^authorSed^ , ; 



. ' *^ormall;^^whenev«; >ye *iop|eni:;a;;iV^ open^ slowly; . 

■ it to: pop open. This. c^ not ■ 

' ^^^^ by v^ccidttit; it- happens- by^desigh. Looking at Eig. 4-A-2:l; w^ 

: ^J^aygii^ V^lve closfitlSlEI&l^ 

" j -; ; steari^ ^^^iS-exertiii^an\upw^ 



& ?^pririg pr^^ssiire is eqilal. to the area of the^ifety v^lye s^at times the -st^n 



■. * ■ SPUING HQ».DING^ ■ 




■J: ■ 



Assuming^ a s^^ p.S,iv Ji diah^eter'^of 3'\' the total "^^V ^ 



.:;'^'^:TC;=:.A^^ ■^Tf■;^^*.3.:;jX■.■3• X .7854^ lOO-. 




here ' 



" ''i-'l^^'-S^ ■ sprihp^gr^^^ dbwnwatd ■■^forte^'':^q[ii2d;'. tp : . tRat;i''t^?i 




the /vailye.:vwai di^^l^^t^ ^t^^ 

a hudidiingvchai^iBe^^^ area 
^o ^^ rk on. Nat yipw^d^force 
valve ^^o ogeri; quickly, orVpop. open. Using the 
Jcetch, the diameter of flie. valve^lus the dijimeter of 
cha^^pNBT isr force VNoll \f hen be: ** 



TP = 3.5 X^3.5:><,7854 X 100 962111 
= 9.6211 X 100 ''706.86 



. = 962.11 pounds \ 



,■ 5^55*25; Increase 



VbU.'^cah see how the total force jumped from 7;06p .9(52^11 
pounds**.— an increase* of 25 5; 2 5 potinds^which; overcomes the. sjpriiig ♦ 



pressure. 



Fig; 4-A^2-2 sKbw$ the parts, of arsprihg lra^ valve,' aija • -^^ 

Fig. 4- A- 2^3^ shoWsVthe reqdmrnl^nded p ; • 



References:'' [[./Stearic mitmt^'O^ 



r V- ^ Assignim^t^^?;:^^ ysdve rfcquiriea on a bdiler?' 'M,. 

\ ' V l|; ^ ■ ^2.|^^^at th^llpfethodfe^ tp^heck safety valve capacity ..^^^^^ ^ 

* for safe0 ydve c^l^^^^^ , 

• ■ ^.^ K^^^^ iare safety .Valves 'constructed to* pop open/li^ljat caises a safety . 

■ , . 6; 'Who is aUow^i^d;^. replace^^ > ^ ; " • * . ' 

. ■ . = ^ \ ' ' Wha t is meanc ;by Jdowdow^^ ^ ; ■ ' ^^^^^^^^^^^^.^ 



8.-: What 



is the maxinfiurh . change possible in 6]^ring; o(^a safaty * :^ 
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R.D. HD. RIVET-FORK 
SEAL 
SET SCRE 
SPR. ADJ, SCRI 
SPR, BUTTON UPPER 
SPR BUTTON LOWER 
BODYjSTU 
HEX, NUT 
• BODY GASKET 
; SLEEVE GUIDE 
DISC RETAINER 
' r DISC HOLDER 
BLOW DOWN RING 
DISC 

• NOZZLE GASKET 




CAP 

TEST LEVER FORK 
», HD, RIVET-LEVER 
GROOy-PIN * / 
STEM^ 

T-TEST LEVER 
SPRING - • 
YOKE ' 

AM NUT-LOCK SCR. 
LOCK SCR: GASKEtI 
LOCK SCREW 
LOCK SCREW STUD 
PIPE PLUG ^ 
VALVE BODY * 
ZZLE 



4-A-2-2 
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FABRICATED STEEL 
DRIP PAN SHOWN 




Ml^HpRiDlsMAR6Eim 
SOLIDLY TO BUILDING STRUCTURE 



DRAIN 
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SHORT AS POSSIBLE 
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Safety Valves; Total Force Olcitlations .» i J:L„i^sigi^^ 



■■*••• ■ ' ■ K . 

Objectives: 1. . Be able to find total upward .force on a. safety valve. " 

V * 2, Be able to transpose and find either the, ;^iahiet6r iof the safety yalye 
. ' - ■ ' — ot-the-popping-pressurer— • ■ ' ' ; ^ V': ' ' ~^ 



* • Information: You have already lear.ned that: Total Force =/;Are^ times Pressure.J: In 

■-^t ■ • ^ : order to fmd the tQtd forca acting on -a safety: ^yyve^ y must-know the 

^ ; • y.: diameter of the safety valve and thcNSteam pressure. Yoti can use this sartie 

' V'.'''':%^- - formula for fmtling the diameter of the yalve or the popping pressur^ , 

. •■ Examples: 1. A boiler carrying 150 p.s'i.g. has a safety v^ve 3" in diameter. What is 
SSj^. the total force on the safety valve? 



. Total Force =. Area X" Pressure 



Area = x .7854 ' " - , ' 

Total iForce '= D2 X .7854 X 'Pressure * ^ • 

' = 3 X 3*X .7J854 X 150 ! . V^/ 

V V ^ "I = 7.0686 >^ 150 ' • . ./..^ . Jf^ '. ' ; 

'' = A060.29 pound« . ' ' ' . • 

2/ A safety -valve 3" in diameter has a total force of 1060.29 pounds. ^ 

What is the popping pressurjf? ' . • 

" *• " ' ■ ,.\ • . • " 

•> ' , , " ■ • -* J ■ . ^ ■• , ■ 

v . . - Total Force = Area X Pressure - ' ^ 

- , Total Force _ Area X j^ressure ' . . " '< , 

' ' Area ~ • . ^Ar ea'^'^^^-r-^ 



Total Force _ LA*iPSrX'Prgssure 
• - Area ~ 



Pressure 
'Pressure 



Total Forc^ . 
^Area ' 

3X3 X .7854 



Pressure - xo686% ^^^-^^r 



Pressure >^ . 150 p.s.i. 
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3. iA boiler carirymg 150' p..s:i;g; has a^safety^ valve -whose spring exerts- a 
' downwai^ force of 1060:29 poundsi What diameter safety valve is 



require" 



Total FoHTce 
Total Force 

0 ■ 

; Total Force 
.7854 X'ftessure 

Total Forte 
.7854 *X Pressure 



= Area X Pressure 



Vd2 



D 



D^. X , 7854 % Pressure 

^^X .7854 X Pressilre ■ 
7854 X Pressure 1 

JZ^^X li^Mtire 



^I^otal Force 
.7854 X Pressure 



=V 



Total Force 
.7854 X Pressure ; 

Total Force • ^ 
.7854 X Pressure . 

1060.29^' ^ 



.7854 X 150 • ' . ' 

1060.29 J 
117.81 . ^ / 



= ■■■■ 3" 



• A 



Assignment: 



U^ing the Pormula. for. total force, develop tlib formula for; 
^a.. Popping pressure* '-^ * * 

. l?>.iJ3iamejt,e^rjp/|^^^ . ■. - ^ - 

A boiler carries 100 p.s.i.g.; the total downward force of the safety 

valve-spring is 1256;6; pounds. Find the diameter of the safety valve. 

A boiler carrying 200 p.sa.gv has a safety valve iVi" in diameter. Find 

'the 'total 'upward ' force.,' ' ' * ' ^ " " = 

A boiler safety valve 214" in diameter^ has ^ springy^^hftt exerts ';a 

downward force of 736.305 pourids. Find its poppihg pressBre. 

A safety valve 3" in diameter ha3 a staani pressure of 250 p.s;i.g. 

acting on it. The huddling chamber increases the diameter of the valve, 

to 354". Find the following: ' ;; * v ^ 



a. > Area of safejfc valve ^ 
• b.' Area of hudoBng^hamber. 
0 c». Total force on safety, valve 
'"d. Total force on huddling chsmiben 

e. < Increase, in total force due to huddling chamber. 



100 

90 



objectives: 1. Be -alile Foniesfclrilxe tKe'ty r ^ • ' ^ 

■ ' ' 2- / Be able locate and describe the |mrpose of blow3o\yn valves, v 

S/ Be able to blpwdou;ri a boiler using^thig Ijottom Slowdown valves. 
- . A; ^ / ' -? ■ . : • / . -'^.yK^^ , ■ ■ ■ . / " . 

Inforination: All raw w ater (city jvater) contai ns ascertain arnounf of scale-formin g sal ts* 



/ 
t 



Thes^^jlKj^e-formin^ salts start to settle out when th^ temperature oC the 
water reaches ;about ~150^F. These salts settle on the boiler heating surface 
which insulates the surface and causes the boiler to overheat and burn out. * * 
. ' \ To /prevent this from happening, chei7iicals»are added to the boiler . water 

j , to turn these; scale-forming salts iiita a non-adhering sludge. The^sludge 

; • « will stay in suspension and settle to the lowest part o^ the waterside of 

A the . boiler, when the boilei: is at a light Vdad. It. is at tliis point ttat we 

, ^» have bottom blpwdown lines and bottom blowdown valve^. . 

Boilers operating at'.lQO'pvS.i. or oyier are required to hai^e two blpwddwn * 
valyes. T^he two valyes may be two slov7-ogeniilg valves, or* one 
- 'quick-closing Valve any^^ 

^ us6d, it must be the valve closest to the shell of the boiler. |n blowing 

down, the quick-closing valve 'shouW be opened 'first ^ani closed last. It is* 
' . ■ : only a Scaling valve. The slow-bpenihg valve which is farthest ftom the 

* shell of the boiler is the Wowing valve..' It is . the valve taking all the. wear 

' and tear of blerwing down. * • ^ ' . 

• . ■ • '.. . - ■■ '^^ ■ ■ V/^:'^- ■ ■ • ■ ' 

, \ The four reasons for using the bottonpblowdbwn yaly are: 

■ . . !• Remove sludge and sediment. . • y 

t . 2. » Control high water, 

" . v. . 3. Contro'l chemical concentration. * - - —■ ^ 

^ - 4.^ Dump boiler for cl^a:ning and 'inspection. ' ^ t 

}(ou mii'st always have pressure ort^ the boOer. when 
•* ■ . omy time you. hive^nb pressurle is when you are dumpihg the boiler. 

Remember; before yop can dump a boiler, it tmustVbe cool. ■ • 

The best time to bjow-down a boiler is at its lightest load. This is when 
. the sludge and sediment will have had a chance to settle to tfee bottom of 
* / . • ' waterside of the boiler: The procedure to follow ,wh en blowing down a . 

.. boiler is: > -v^r » \ 



^ 1. First check your water level. 



■J - 
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'. r ■ , ; •" ' p. O^en (juick<losHig valve 

3,^ If you. can not see the gage" glass 'while, t lowing down, have 
\ ' * , * sbnieone else watch it.* J * * ' i 

-; ^~ ^"T^ ~^ — ■ . . . ■■ . — r^- '■ — -t-- ■ ' " y r — ■- \ ^ — ^ '-^ 

*4. . Close the slow-opening valve first and the quick-closing valyeJast. 



^ 1 

. J. 



Note: Nevjer v/alk away* from an open ' bTowd<wn valle. Keep your 



s hands isn the valy^ until it is closed. 
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OPENING SEQUENCE 




9PEN INSiDE VALVE FIRST 
— " ^ 



CLOSII^'c SEQUEI^CE 



DIRECTION 
OF FLOW* 




3. CLOSE OUTSIDE VALVE FIRST * 




DIRECTION 
OF FLOW 



4. CLOSE INSlOE VALVE UST 



^ In following this prpcedure, the valve uexl to. the 
, boiler is operated in still water. ^ ^ 
This minimizes the possibility, of damage to the scal- 
ing f^ices, preserving the valve next to iht boiler as a 
Jeaki-tight sealing unit, and letting the outside, or 
blowing valve take the punishment during th^ initial 



opening and final jjplosing^^^hilc an crosii^c flow of 
water is passing through the. valve. . . * 
, Op^erating the ^valves in this sequence is not only- 
sound practice from safety viewpoint, but also 
makes it unnecessary to empty the boileV shduld re- 
pairs to the actual blowing valve become ncce9s*ary. " 



PRir 



' Sequence of Operation to follow when blowing down a boiler. \' 



• STRAIGHT tEVEjV 




i 



Quickopehing straigbtway yalyes 



* ? .RACK AND SCREW 



STRAJGHTWAY "V 



u 



T 

t-— 8 




■H-4— Hi-) 




B- 




ANGLt VALVES 




Slow-opening straightway valves 




\ 



Angle type duplex units, "a^*' 



■• ■ 





Straightway typ^^ijplek utifts 



fCombinatipns of Blowdown Valv/es 
Letter,Sj1ndl(^te'ni6i6d^ drmensipns) 



. 4-B-1x-4 



Reference: Steam Pldtht Operation 



v?*;. ' •^"'I'rb'cediireT "^ffer studying' the mTofrrt'afidn and WeV^'ri^cd; coW^^ 

.^ ^^ -...-^^ " a^sslghifie^^^^ it in clasSj . 

r . Assignment: 1. List four reasons for using the bottom blowdown valves. ^ 

' 2. If a quick-opening valve is used on a blowdown line-, where must it be 

. • located? , * V ♦ . ^ 

^ .. . . . 3. When is the bek time^ to blow down a boiler? , J 4 -^-^ 

4, What procedure- would you follow in rblowing down a boiler with a 
quick-closing valve and a screjv-type valv^? ■ ^ ■ ^ . . .. 

5, What is meant by a slow-opening valve? ^ 

6, Where are blowdown liites loe^ted ofi>, ' ; 

♦ • *^ * a. firetube boiler? ' . *v ^ . 



b. . watertube boiler?: 



■ r 



\ c 



r • 
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ConstrtictiQh.anJ Code Recjuiremcnts of B6ttom<Blowdown Valves ^ Assignment 4:6-2 '^ ^ 



y^ctiyeS: 



1. Be /able tp explain why^ there '.are cpnstructiori requirements for V 
blowdown valves. . ' * " ,\ v 



~2^^ Be able *p ,li§t some of the Code reqliifernents jor bottom blowdown 
valves. ' * - ' -f » • ... , <^ » 



Information: 



, . , ... ... ..... ,. . . ' ........... ..rf ; . ... 

Whe^n blowing down- a boiler, the blowdown lipes-are subject ed to full 
boiler pressure and temperature.^ They are* subjected to this pressure and 
temperature without the liibcury of warming up slpwly.* The lines and 
valves must^e designed to st3.nd this strain anH.a suitable means must be 



provided, -for expansion. Bbilers caifying^pver 100 p.s.i, with the ejKceptipri' " 
^ of high tempefatiire water, traction or^p^ortable, must have two blqwdown 
valves.^ Straight run globe valves, or valves that would allow dams-^.or" • 
pockets to exist, could ccdlect sediment/^nd shall not be used. 



References: 



Procedure: 



Assignnrient: 



■s 



AJSM.E. Code, Section 
^team Plant Operation 



anil VII. 



After , studying! information and references,- complete .-the following 
assignment and be prepared to discuss it in diss.* ^ 

1*. What type^jof materia! is required fpr Valves when ^the pressure exceeds 
ibOp.s.i.? / !^ • ' : , 

* 2;^ What are the material' requirements for valvfes when the pressure 
ji^jceeds 200 ip>s:i.? ' . : ' ' • \ / 

3: What is' the maximum siie of a surface blowdff line? 

^What are' the minimum and njaxinium sizes of a bottom blowoff line? 
When iTiilst extra heavy piping be used on blowoff lines? , * ^. 

What does the Code mean when it states, " A slaw^pening valve"?! 
Why can't you use a straight-run globe valve as a bio vy down valve? . 
Discuss. Code, requirements about the following^' • 
^^j^ a. Maintenance of blowoff ^uipment. . . , : ' _ . ' 

b. Pi*otecti9n"^against freezirtg:* . V - / ^. :\ • 

c. ^ Care .in* blowing down. ' ^'r . ' 

d. Freq,uendy of blowing down. * ^ 

e. Blowing down water walls. 
. . f . Draining a* bcwler.*^ 

.\ g. Care before entering drum or shell of boiler; 

hv Flushing^ a bailer. 



4. 
5. 
6 

7. 
8. 



mi 
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Water Columns Construction and Function ' ,. - / Assignment 4-C-l 

Objective: . Be able to d(S5c;ribe the construction of a- water column and how it works. 

' ,^ • ' V- ■ * ^ . ■ • . : •. 

• - cflnformation: Last, year, .you le2||ried' that the purpose of |l^ water column is to slow 
down the turbtilance of the boiler water. Then you can get a truer reading 
. * f ■ ' ^"of the water. Ijvd jnithe^ glass. So, the water column must be locatciid 

^ : ^ ' ;^ ^at the- normal opiirating water level. The exact lodfetion^according to^Code 
C - / w^l be discussed in the next unit. • . ^ ^ • n 

'--^v-- • - ■■' • . ' " . "• ' * 

Figuje^ 4-C'-l .sho\ys a^ cutaway view of a water c6lumn. Observe the 
. locatioo 'of the gage glass and try cocks. With a normal <^erating water 

" level (about half a glass), you would get steam and- water when you ope^ 
the middle try cocksi^Stisam should come out of the tfop and water should 
,come. out the bottom. The top float yill warn of high wiater and the 
^ \ bottom float will warn -of low water.* You can see the advantage of having 
. a sed[iment chamber by; he ' positi6n of the bottom ^fl^ 
- ' " ' ' mucK sludge to cause tlje low v/zter float to hang up. • / 

•The' gage glass and water column should be blown down at least once a 
shift.; This hot only helps to establish the water level in the boiler;. it also 
•cleairs; both gage glass, and water column lines and the sediment chamber^ 
of any .sludgt or sediment. 

Any leaks^^tfqund the^gage^lass should be given instant attention. A leaky 
gage glass will giv5;*a4i5Jse water le^el reading. It will also cause the glass to 
thin out and eventually rupture. '.-^^ ' — — — — - 




ERLC 



A gage glass should be kept cleatl. When cleaning the inside of a gage glass, 
use a wooden dowel and a piece of rag. Never use a metal rod when 
cleaning a^gage glass. If you scratch the inside ^f tlie gliiss, the action of 
the steam and .water will cause the glass to thin out .and it will break. 

WheneveV a gage glass is replaced or |ake"n down for cleaning, always 
replace the gage glass washers. Never plaeer the glass back in service using 
old washers. If.it is necessary to work on the gage glass when the bdiler is 
on the line, shut off both steam and water to the gage glass, and open the 
gage glass b^owdown valve to relieve all the pressure.* Wear' safety goggles, ' 
and never touch a hot glass with a cold wreTich^^rit^might^useFthe=glass=to= 
rupture. < . • 

109 ' . - 



99 



^9' 



Shjitoff valves are provided betweeiigthe gage glass and the water column, 
^ so that the gage , glass can be isol^^d from the column and a new glass 
installed under pressure, 



Reference: 



Steam Plant Operation) 



i^t: 



1. 

2. 

■3. 



'A 



4.V 



what is the purpose of a water'column? / . . 
Why are try^ coqks necessary if a'i^p a gage glass? J 

>yith a normal operating level, what comes out of the middle 

?■ cock — ^when i * ■ | 

4/ What is the purpose of the floats inside the water column? , 

5, How often should a wa^^ be.blowri down? Why? ■ : ' 

6, If the top line to the gage gls^'isxlosfid or clogged, what, woiild your 
gage glass indicate?^ ' - ' * ^ ' 

7, If the bottom line to the gage glass is closed | or closed, ^ w 
; \ -the gage gldss^mdica^^^ .,,J^/,._r,_.'..:;-.*;.;,,'.. 
9. How would you go about replacing a-^brokfen gage 
;v'' ■ boiler under pressure? ; ■ ■ ■ 'j' '^^^^^^ 

^hy IS it important to keep gage :glass nuts frodi'li^l^^? • "~ ----y--~-~- 



9. 
10. 



Why is it necessary to shut offisteam ajid/ 'water; valves to the gage 
glas$ while making adjustments on packing nuts? ; i> - 
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Water Column:; Location arid Code 



Objectives: 




Assignment 4'C-2 



1. Be able"* to locate the water column V ^ Y 

2. V Be able to describe the Code irequiremehts on water columns. 



Ihfbrmatioii*: . It is importaiy that the water column be at its proper .location. It could 
i ' . , mean the differS^nce betw,!Ben^ burning up a* boiler or causing severe plant 
. • / . da'mage due to carryover. * * - 



The water cplwnn must fee located at ^ normal operating water level, so - 
ttet the Jowe^ visible part of the gage glass is \2'' to. 3" above the highest 
heating surface^. How do^you know w4|^ its lafe, to add water tp a bpiler? 
If you can s6e water in the*bQ{tom of the gage glass^^or you can get -Water 
from the bottoTm tt:jj, cock, it is safe to add' water tb your boiler. )yhy?'. 
Because the water column niust be lo'ca ted: a^jhe^ normal^ opera water ^ 
level, so th^tHhe lowest visible-part pf the g^e-glass,>i^ 2" to 3" above" the 
' highest heating surface.; * ^ ^ 

\\ ■ >■'■■'"■ ' ■ ■ ■■■■■ ^\ :.:['■'':* •■ 

The location^ of the water column arid gage^giles should be chcjcked to 

make sure that it is in its proper place. This cah be sdone by external 

. measurement. Or, when the boiler is off:, the line, add wateriuntil it is 

visilUe in the gage glass* then drpp a ruler in through the manhole until it 

hits the top of theJiighest heatiM surface. Remove ruler and . see how wet 

it' iStJt should shovmf" to 3" 

m 

Figured 4-C-2-1,' 4-C-2-2, ancf 4-C-2-3^ show the location of the wafer 
column on»thfee types of ^oilers. ^ * * 




Tlcfcrences: 7f7S.^jE. Cociej Sectipri I. 

. #• Steam Plant Operation /' 

Elementary Steam Power Engineering 

■ ' . . ^ -. ■ ' '''' J ' ' 

Assignment: 1.. How can ypu be sure it is safe to add water tp a boiler? Explain your 
^answer. " . , 

'2. Hpw can you check; to see' if the >yater column is at its proper 

3. What is the minimum 'pipe size .connecting the water column to the 
boiler? . ^ 

4. What are the CodOTcquirements for water column blowdown lines? 

5 J What type of maitcrW can be used in water columns for pressures up 1 
to 250 p.s.i.? ^or pressures up to 350 p.s.i.? For~pfessures over 350" 
' ' P;S-i-? ' 
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6. What are the Code requirements for*valve|Pon lines between th8 water 
^ column, and*theboilei?? > 
' 7. .Iwhere a^e Cfo^ fittings uised when piping up a water col um a? 
^'- S. Does the-Code^i|q'ujte; that 'all boU^^^^ 



♦ 
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1/2" SWING CHECK 
VACUUM BREAKER 




Model \zi or 

251 MA6NETR0L 



LOW WA*ERt CUT OFFv^ 
LEVEL AT LEAST 3'" 
AiBOVE^LOiifESt PER-^ 
^ .MISSAfiLE WATER LEVEL 
IN BO^ 

FUSIBLE PLUG )- 



1^ TO r BUSHING 



3/4' BLOW DOWN 
TO BASIN 
(SEE INSTRUC||OH 
,0N f'BLOW iObW}4 PIP|Jip") 



A INStALLATiON ON.vWATER tUBE BOILERS 



4-C-2-I 
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LOW WATER CUT OFF LEVEL 

AT LtAST 3 ABOVE LOWEST 
PERMISSABLE V/ATER LEVEL 
( FpSIBLiE PLUG ) 



I ' BLOW OoJlN TO B ASI N ' ' t 
( SEE INSrnicTIONS ON 



BLOW DOWN PJPINO ) 



V 

i 




. ' 1/2" GLOBE 

r/2- SWING. CHECK V ^ VALVE 
* VACUUM BREAKER ' 



■\ iXrw SUING 




MOOeL 12 6 OR 
.251 MAGNETROL 



LpW WATER CUT. OFf^, 
LEy^L (AT LEAST ^ 

ABOVE LOWEST' , 

l>ERMiS5i^8LE BOILER \\ -OCTrrnV 
:WATER LEVEL Jj^I^y 5^ 

\ (USUA^Ll V; FUSIBLE 
PLUQ ) 



3/4" BLOW DOWN 

TO* BASIN ^ 

V .'i' •• ■■ • 

(SEt ilNSTRtt^iTlONS 
ON *;^t,ii!.W DOWN "pi PI NO ) 



\ INSTALLAtlidrj^ (>i:i f IRPKOX TYPE Bt^lLERS 
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■ . Steam Gages: Review 



J- 




Assignment 



ed in- 



1. \Be able to identify the'vari^s types of steam gages. 
v2. /Be able to lociate and to describe the purpose of ste^tfrvgagfe 

S/eam/gages ftFe used on boilepg^to indicate the pressure being c 
e ©oiler. - - * . - 

. r ■'. ■> ./-^ ^ . V ' ; ' ,;- 

^ BoileV pjants have pressure ^llgQS to indicate all the- various pressures aii 
operatortfUeeds to insure safe and efficient plant operation. They will 
^ include suctlBti arid discharge pressures on fuel and water • lines, gir 
pressure, gas pressure, ani steam pressure. _ 



••.:\ 



Pressure gages are calibrated inJ'pdurids per square inch^ This is the,, 
pressure above^ atmospheric . pressure^_aiji[^T)5 known as gage pressure, 
^bspl^e pressure is gage pressure^^Kr^atmospheric press^^^ 

A pressure^^age with its ^|y6inter pointing ^^^^^^ the fibe jof a gage 

would be read asl^O pounds per squareji^ p.s.i. or : 

50< p.s.i.g. If an operator wdtire asked how; much prepare was on the above 



' gage, ^^te would aiSSwer SO^p 



A vacuum gage is^ calibratw-vin inches oMfitlercuiy^'beldw^^^^ 
pressure. A* vacuum gagi^ /^^^ face of a 

gage wopld b^read. a^^|^^i^s-pf m6rdl^^'bel<^w alcmosph 
; This rs . written* as ask^d, how "much suction he 

had on tttllibovC'^age, he woup reply 4"! 



.Remiember> 

> PressiaVe gage is read in pounds. 

Vacuum gage is rread in inclies. a ^ - 

V ■ ■.■ ■ ■■ ■ ■ ■ ■ " ■ 

Figures 4-D-l-l and 4-D-l-2 ar^ examples oTgage faces indicating standard ^ 

ranges possiWe. Observe how grjiduations on faces will vary.' For example, 

on a gage range 0 to 30 p.s.i., each graduation is pound, ^n^ on the 

range 0—300 p.s.i., the graduations are in 5 p.s.i. steps." - 

A boiler' steam pressure gage should have a range of two time§ the 'safety 
_valve setting, and it cannot be' less than one and one half times the safety 



yalve setting at any ^time. This means that when ordering a new .bailer 
pressure gage, it is necessary \to know your safety valve setting. 
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References: 



Assigjnin^rit': 



The boiler pressure gage should be connected to the highest part of the 
steam side of a boiler, and it must be easily seen- from the opera ti^ig floor. 
It must be cleaned, well lighted ai^d free from vibration. The boiler 
pressure gage must be, protected by a siphon. The sipfion forms^a water leg 
preventing live steam from entering the bourdon tube. If steai^is allowed ' 
to enter the bourbon .tube, at any time, the gage must be tested. It is 
important that the gagp be checked: periodically to insure its -accuracy. 

Steaxn Plant Operation ' . ; ' ' ■ w V * 
Ehmentary* Steam Power Engitieering • / 

1. what is the purp^ose of a bpiler pressure gage? ^ 

2. If the range of a boiler pressure ^age is 6 lbs. to 300 lbs., what would 
' • the approximate popping prgssure of the boiler bel 

3. ^. What procedure would' you have to follow if live steam^were allowed 

to enter a bourdon tube? ' — — — - ' . 

4. 
5. 
6. 
7. 



8.: 



what does p.s.i.g, and p.sj.a. mean? How is each ft^i^d? : . ; I ' 

What kindof gage would read 5''? ; ' ^'Z :^:^-'- • % 

^How can you recognize a conipbund pr|fesura . ^' - ""^ 

What are gages, that record pressure abbve ^e atmosphere called, and 
; how are they calibr^ed? 

What^are gages that record pressure belovy the atmosphere called, and^ 
"hbw arf they calibrated?^!! v ^ * ' 
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St^m Pressure Gages: (^de, Cglibrgtion,, and Range 



Assignment 4-D-2 



Objejtfive: ' Be able to describe the Code requirements fort steam pressure jgages. 



Information 




• The A.S.M.E. Code requires that- each boiler shall jhave it^ pressure 
gage. The steam gage must connect to the highest part of the steam side of 
tlie boiler* It must be'^easily seen from the operating platform, and kept 
dean, well lighted, ani.protected from extreme heat or cold. A siphon or 
similar device must be, installed to protect the. bourdon tube fifom live 
steam. Brass or copper pipe may be used for temperatures, up to 406°E, 
The dial of the pressure gage should be* graduated to approximately dbuble 
the safetjKysfl^^ setting and in no caise4ess thaiff'lVi tiniest valve 
etting. Treis is known as the range of a steam gage. The gages shall also be 
^adAated' So that the pointer will be in a'nearly vertical position \vhen at 
ttsi normal operating pressure. * / . . 



Figure . 4-P-2-r shows a st^ested arrangenjent for piping up a boiler 
pressure gage. Observe thjtt the shutoff valves should be lever-hahdfe,cocl^s 
*that s|iow by their position whether they afe open or closed. The Cod^ 
alsp sjtates that an additional valve or cock rndy be located near the boiler, 
it must ^e locked qt sealed openv •* ; . 



Reference: /l.S.M.£. Cocie/ Sectibn I. and Section VII. / f " 

■ . .\ ' ^ , ^. ... ■ ■ ■ 

Assignment: 1. Why does the A.S.M.E. Co'de requirie a -siphorf or similaj^ device before 

2. Why nrust tlie Valves used With steam gages be lever-type valves? «^ 

^^-^f 3^. Explain why the Code, requipes^ the steam pressure gagp used on'boilers 

' to have ar^range of Swice, or at least iVS times, /the safety valve 

\ popping pressure? y ■ ^ 

.. . 4. What is the maximum- temperature allowed on brass and. copper pipe 
or tubing? ;/ . • 

^ 5. What is the minimum pipe size when using' sted and wrought iron 

. ' pipe or tiibing^in hooking up a steam pressure gage? 

6. What is the mirvimum size df a siphon on a .steam gage? ^ 
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Steam Pressure Gape Correction . ^ ' Assignment 4-P-2'Ml 

O^ectives: .1. Be able 'to explain why stearh' gages have,, to be\Cdrrec|ed. / . 

. f : 2.; Beablfr to correct a sleam gage, . ' - ^. \ v 



_4nforinatioa;^!i_You^jnay_xemen^^^ 

• pressure gage must bie connected to the highest part of the steam space^of, 
. • ^ *.a .boiler. It' must also'be^yisaWe to the ^fireman.- This:. presents a problem 
ori . boilers that have . steam ^drums 40-^50 feet or more- above the floor 
'■'plates.' :' * V r:mt:M^- 

It means a line must -rvm from the top of the steam drum down to whfcte 
■ the gage is yisable^^^^t^ 
. filled vydth watery the^^ ? 



'The factO^>433'.is^ 6^ the follo\^g manner. 

.1 i^ubic foot 'bfwaltfe'r weighs; pounds at 66?E; 



V. • i • : Tjierefofe a 
jjt /. inch at 60?F exerts'' a pressure of or .433 pounds.. (144 square inch 

r ^w^?' in one square foot.) . . ■ . ! : 

'f '^st ■ .'''<■■■■ • ■ . . . , r--;-::!^: . ;.. -•,- 

*'^ ■ . ■ . . Soj.Jl; is possible to convert pounds per square inch ^t(J-;fe^^ 

dividing,by ;433. . V \ ] 

: / ■ If we have a IQO ft. high pipe filled with water and put a pressure, gage at 
: ^ the bottom/ it Would read 100 X . 433 or 43.3 

> ■ . i If a presstire gage, is located- 20 feet^elow the steam drum, it would read 

> -20iX .433 or 8.66 pounds with n*pressijji on^*the boiler. If this boiler 
^.(ii \ ' . wais carrying IQQ pounds or -^team .the gage would read lOQ^ 8.66 or 109 
. p.s.i. 9"p6iphtdts-^.more' than was actually carrief;! in the steam drum. It 

would be necessary to correct the gage 9 pounds.' : t 

'i* Elementary 'Steam Power EK^ineering ; = 

■■' . " " •, • ■■ ''^^^'^^ " • ■ ' ■ ' ■.■^^v ' ' 

Assignment: 1. ^A^pressure gage is located 35 feet below the steam drum. The boiler " 
. cames 135 p,s.i.g. If the presis'iife gage had jiot been con-ectedv what ' 

will it read? . " / • 



■ ••c ■ ■ 



■^'^ .^^ V /"^o ' ' / 2* ^ Stand pipe is Ideated in a boiler room^ and is made of 354" diameter 

pipe.. It is 250 feet high. How much pressure will it show, on a_gage_ 
connected to the bottom wheri it is; ' ^ 

a.' 1/3 full r . ■ : ^. V . ' . 

' b.;i/2ftiii _ : ^ 

^ ^ C. . full" ^ , ' . ^" "^"T" ^ ~ ^ ■ ■ " 

3. A pressure gage located 30 feet below the steam and ^yater drum. It 
has been corrected and shows 20T p.s.i. What wfll a gage read that is^ 
^ located at the top of the drum? —-^^^^^ — : ______ 

^ 4. Boiler, pressure. 1S5 p.s.i.. Find pressure if gage has not been corrected. 
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PRESSURE. 
^AGE 




^9025 PSI 



fe5 



,7g2 PSI 



--.--.L 20" WSTER 




.5415 PSI 



- --.L 15" WITTER 



.^33PSi 
361 PSI 



- -I- [ 12 " WATER 



-t- 10" WATER 



.1083 PSI 



5" WATER 



.07;2PSI 



II 



. ->w.-m . 2" WATERS 



^-^361 PSI 



r WATER 



PRESSURE" AT BASE 



PRESSURE AT iASE OF COLUMN OF WATER 
0361 PSI FOR EMH VERTICAL INCH 



id ,. 



r Internal Feed Liner Description Function 



Assigftment i - " 



Objectives: 1. Be able to describe, what. an internal. feied line is. 

2. Be able to explain why internal fie^i^ necessary. 



Infonriation: 



It is important/ that the feed water i^^Mlxoduced into the boiler so that it 
will' not come In contact with the' boiler heating surface exposed to direct 
radiation or hot giases of combustion at any time. When pressures are 400 
pounds or overV the Code 'requites thiat the feed water inlet through tb,^ 
drum be'fitted wrdi a shield or ^ilee^^or some method) to reduce " 

,the effects of temperature differentiaP*fe the head shell. If. 

needed the discll|^e\end of a feed pipe should, be fitted with a baffle to 
divert tiRe flow from riveted joints. ,. '^'^^ 



■1^ 



Remember, the iacoming\feed water is relatively cold when compared tq| . 
the temperatures in the me box. If this water :.were allowed to impinge ' 
directly on the boiler heating surface, it would subject it to severe thermal 
shock. This could ibe compared to jumping into a with a water 
temperature of 60^F when the outside temperature is lOO^F. 4^ : . 

The Code also requires that seamless steel pipe egual to Scheg^ 8Q 
(extra heavy) be used for pressure over 100 .p.s.i. ismd temperatures over 



,220 



F. 



The internal feed line in steam drimis 6f \yat;ertube^ boilers extends ^abtm 
; . * / 80%lof the length of the drum. It is installed so that the incoming feeov^ 

^ water is discharged below the surface of the water. See figure 4-E-l-l. 

' ; In H.R.T. boilers over 40" iriT dianietei:, the feed line shall enter above the 

" central^ row of tubes.* It wil^discharge at about three-fitths the lengtlf TfrSn 

the enc^ of the boiler subjected to the^^ hottest gases of c^ 

When tnp boiler is off the line for inspection, the internal feed line should 

plugged hloles. 

References: Elementaiy\Steam Power Engineering • 
^4^5.M.E. Cc>cfc, Section I 

. ■ •» ■ ' , \' ■ ■ • • ■ ■ ' . .. 

\. Steam Plant Operation 
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Assignment: 1. Hqw must the internal feed water lines be introduced into the boiler? 

^ 2. Why is tKe above so iniportant? - . - ' 

3/ \Vhat a r e the Cdl^requl|ements for feed water inlets when pressures 
are 400 pounds or qyer? . ^* 

4, How far. into ^Jielidnim do feed lines go in a watw^ 

5. ■ Discuss the Code requirements or internal feed lin^s Jfor H.R.T. 

. — ^ ^ — ; boilers, — — ^— — — ^ . • - ■ • . — — -■ : . 



;/^r . ^^^^ care should be .given internal feed-lines during inspection? 




\ 
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STEAM AND WATEB DRUM 
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objectives: 1. Be able to Explain functji^n of soot blowers* 
^ \ 2. Be able to u^e soot blowers. 



Information: In order to have a transfer of heat, there must be a difference in/, 
* teniperature betvyeen two substancb.^: The greater this d 
' the greatier the heat transfer wiU be^ ^ ; i 



Soot is carbon and carbon is unbumed fuel. It acts as an insulator when 
, left on the heating surface of a boiler. Removal of the carbon a 
better heat trarisfer. V , * 11^ 

In a jSretube boiler, \the gaises of "combustion piassdirough the tubes to 
remove the soot^ deposits. It is necessary to take the boiler ofif the line and 
use' brushes or Scrapers to remove the soot. Soot blowers are not very 
(effective in firetube boilers, but you may^find them on some of the older 

■■■ H.R.T. boilers.-'., .-, ^' ■ '-^ -^^^^^ ^ 

^ In watertube boileA, the gases of- combustion pass around the mbes T^ 
soot deposits can be easily removed' by using soot blowers. Most modern: 
watertube I boilers will be equipped with permanently installed soot 
blowers. * ■ ' ' ' - 



Soot blower elements are--located"in""the^^^ of the gases of^ 

combustion. They must be made\of a steel alloy to f^thstand the high 
temperatures of the flue gases. The nozzles in the element are spaced so 
that they wiU aUow steam or air to blow between the rows of mbes. Ttfey 
are held in place by bearings that are clamped or welded to the boiler 
— r- tubesr^e^bearings allow the elemen^ to rotate. *^'" **r — -^^^^^ ------ -r--~^^ 

•■"^ ■ .-^ ' . ■ ' ■ * " ■ > ■ . ' . ■ ./ • 

. ^ Element alignment- ist important. If the element ' were to shift,\steW^ 
W impinging on the boiler tubes would abtuklly cut through the'bpiler tube ; 
; V. m . shoit J periods: oL .time. -The- elemeilt^^is- conn 

clamdoperated' valve: in. the head* of the soot blower. It^s chain operated, j 
As it rotates #the element, . the s|eam valve is. operiv at the proper time ' 
allowing steam to blow through the nozzles. As it is rotated further, it will 
, r close the steam valve when the arc of soot blowing is completed. 

.1 .The stean^ line feeding ' the soot blowers must come froin; the highest^art 
. . ' of thie steam side of the boiler to insure . moisture free steam. It is 
. important that the soot bjower linff s\ be thoroughly warmed up and 



ER 




compretely drainecL Any water that vv^buld be jdischarged with the; steam. j/ 
would caiise^the s^ot^tp cake in the soot mixing with 

the water woijJdWus« damage lb the tbjjer hektiiig surf^^ " * 



To blo^y ^tubes, it is necessary to ^warmV^i^p a^ 

boiler drafty knd follow boiler^ manuf^^^^^ on which 



elenients to .blow firit. 'Usually you wilKfollow the path of^the gases 
^ starting with the firsu: pias^^ ■ 



J^i&^cesi Steam Plant OperaHbn ; . . ^ ^; r i Li^v_^. . 

V Elem^i^tary Steain Power Engineering * 

Assignment: 1,* Why do you think soot bloweirs would not be very effective in 
firetube boilers? V' 

^ 2, What is soot composed of? '^^ a^^^ ; ' 

, > 2; Why is element alignment so important ^^m^ 

4/ WHat effect wifl water riik^ v 

5. >yhere does the steam line feeding the sob 

6, List procedure to follow when blowing tubes. y 
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Fee J-Water System 



Assignment 



Objective: Be able to locate iKe' explain the purpose of all tfie equipment found in a 
feed- water system. ^ / / . 

^ ^ ^ ' . — ^ • • ■ .'^ ■ ■ ' • ' - ■ ■ 



•6 



Informatidn: A fireman miist know of every possible way^ of * getting watier to his 
boilers. A steaming boiler can, in a matter of minutes, have the ^water in 
the gage glass go from half 'of a glass to an emply glass, .A .boiler that is on 
... „_„ .. _„_j^^.- 'and loses its water could bjiirn up or -causing 
damage and loss of life. It takes one pound of water to make one pound 
of steam, if your boiler is generating 20',000 pounds of steam per hour, , 
♦ you must, supply m witli 20,000 pounds of water per hour. Water weighs 
approximately 8.3 po.unds per gallon, so that boiler will need about 2410 
y gallons of" water per hour. This should give jrou some idea of the 
1 importance* of your feed-water system and why it is necessary to know the 

^ purpose and location of all its parts. . " - 

Let!s look at Figure 5-A-l-l for a sketch of a feed-Water system. \* -^^ * 

. The retunis from the system (1) enter the open feed, w^ 
' ; 6'xyge"n and other non-condensable gasjes are vented 'to Mie atmosphere (3). 
, ' All the ^ not -return to the feed water heater is condensate; 

some isjpst^due to leaks or process. A float (4| opens a valve (5) located 
:' \ / on a city water line (6) to add make-up water. To prevent the feed-water 

heater from_; becoming water lo^ed, there is an internal over^flow line (7) 
j^ . ; - which will dischai^e to waste (8). The feed-water heater is located above 
*the feed-water pumps, so the water is supplied to the pumps through the 
suction line (9) at a slight head pressure. lH^ feed-water pump (10) is an 1; 
electric centrifugal pump and the -second feed-^ater pump^(ll) is a steaifi 

driyeini*tufbihe"(rerite to be riibre flexible. 

Each feed-Nvater punip /will:^ have its own set of suction yalves^ ( 12) and 
discharge valves (13). This would allow either ppmp to be' taken out of . 
service for repairs. Each feed water pump will also have its own check 
valve (14) tcf prevent water from baclang "^lip ' if ^^^^ t^ 
located close to the toiler should fail. The feed water leaves the pump 
through a discharge line (1^) and entefs the closed , feed water (16) where ^ 
it IS heated to a relatively high temperature. The closed feed-water heater 
is equipped with an inlet valve (17) and an outlet valve (18); it is also 
necessary to have, a by-pass line and valve (19), so that the heater can be . 
taken out of service without a shutdo^Yn. 
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After the closed feed-wate; heater/ the mdn. feed- water has branch 
lir^jBS, one for each boiler in the pJant. Each branch 
feed-\yater stop valve (20). In order to maintain a. proper, level in each 
boiler (21), an automatic feed-water regulator is used/ It can be: the 
thernial-expansion or the thermal-hydraulic type. The control element! (22) 
is located at the normal operating water leVel. The tdp of the control 

'-elc ri li n t i s C onne(:rted--by"-ar-line-(:25)^h at goes to ihe-highc sl pait uf i her 
steam side of the boiler. There is a shut-off valve (24), so Ithat tl^e 
regulator may be taken out of service for tepaiis. The bottom of the 
efement is connect^ed to the boiler by a line (25) that js well below the 
normalvoperating water level. The shut-off vali?^^(26), i§ also used when 
making repairs. The* element is connected to a regulating valve (27) located 
in the feed-water line (15). The feeil-water regulating valve (27).^ has two 

' shutoff valves (28) so that the regulator/may be taken out of service if it 
fouls tip. The water would then ^o|^i^o^i^ This 
would prevent taki(?g a boiler pffn|^^^^^ regulator fdlure* 

On the feed-water line,.you will notice^^'a ito^ (30) and a check* valve 
(31). The stop valve is located closest to ^the shell of the boiler so that the 
check _yalve (31) could be repaired without dumping the ;jtoiler. The 
feed-water regulator is equipped with a blowdown valve (32) tqtinsure that 
the water and steam lines are free and clear of sludge- and. sediiirjent. 

Steam Plant Operation ' \ .. ' : ' 

Elementary Steam PotOer Engineering — / '^'M-'- 

After studying the information , and references, answer tlie v following 
questions and be prepared to discuss each in class. • ^, ^ : " 

1. Name all the equipment that is' found in a feed-water syste^. 

2. State the purpose ancl location of each piece of equip|nent in the^ 
system. • ' 

3. Why is makeup water needed? Ho\v is it added to the system?! 

4. Why is the stop valve placed in the feed-water line closest iio the shell 
of the boiler? , . / ' ^ | 

5. What prevents water from backing up into the return lines? v; 

6. " if the feed-:water regulator failed, how would you get water to your 



- Fuel Oil System ' fe, ' " Assignment 5-B-l 



I.--- 



Objective: ^ :; Be able to l6cate and to explain the purpose of all the equipment found 

~7~~~' ~ in a No. 6 tuel oil system. . " . 

# ^ • Information: The purpose of any fuel oil system is to get the fuel, oil to the burner at 
^ . . ; * proper temperature, and pressure. This means that we must pump, , 

/ heiat; and regulate the flQ\y of fuel oil before it reaches the burner. Once . 

... , s*..; . •. the fuel oil gets to the burner, it is the burner's function ta properly 7' ^ 

_ , : distribute t^^^^ , •S--. 
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The fuel^oil system in Figure S-B-j-l consists 6f;'|^ious^ pattSr ^ 
start with the storap tanks (1). Most st;eam pilaitts that; use ^^^I^ 
^^ve two tanks; the size of the;: tanks will depend Qn the nuiiri^^ 
^ , :gaUons thatva plaxif w^ bum in an avcfrage day. In order tovputnpHSi^^^ 
fuel oil,: it has J:o be heated. This is accomplished by a heating bell or cpil 
located in the fuel oil Unk and controlled by a steam regulator (2). To ' 
V ^ give us. an indicatiojft of the temperature of the oil coming from tHe^taiik, 

^^^■^ there is a thermometer (3) located on the suction line/ Thei^^ 

valves (4) to isolate a tank .when it is'nbt in use. The duplex straine^^ 
■ ' / permit one strainer to be cleaned wKile the other is in' service. The suction 

gage (6) shows how much press^^ the pump.' / 

The suction valves (7) and discharge valves (8) located before and after the 
fuel oil purtlps allow you to isolate a pump from the system. The fuel pU^ 
pumps (9) increase the pressure while moving the fuel ciil tlirough the 
discharge line (10). It is a.good practice to have an dectrically-driven a^^ 
' a steam-driven fuel oil pump in the system in case of a power fidlure. - ^g?; 

. A ^ : The relief Valves (11) protect the system' fr6n\ excessive cftl pressurViWid 

indicates the, fuel oil discharge pressure. The fuel, oil is furltKe^^^^^^^^ by .a 
steam fuel oil. heater (14). Inlet valves (15) and outlet vdves ( 16)^^.3^^^ 
yoii to isolate -a heater for maintenance. • • 

A thermometer (17) mdicates the temperature of the oil leaving the 
heater. The oil then goes to an electric heater (18) w^^ 
up to the temperature at which it is tp. b^.burned.^^^^ (19) 
shows the temperature of the oil aftier k j^^^ 

- A simplex Strainer (20) is used to collect any impurities 6r dirt left in ;he 

oilJ A pressure .gage (21) indicates the- pressurf'of the oil at the burner 
: : . 122) wJiich is. regulated by a. bacl^ pte'ssure valve (23). All of the oil is not- 
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burned. Some oil is recir.culated through, a retUrn line (12), A thergiometer:; ' ' 
shows the oil retbrn ^temperature as the oil is returned to the storage tank.;^^ 



References: Steam p)ant Operation 



Elementary Steam Power Engineering 



T^ssigmncnt: — ISIiiiiie/ aH of the parts in . a fuel oil system, . — ■ 7 — — — ■ ■ -^^'"^ ■ ■ 

• ^; 2. State the purpose and the location of each piece of equipment in the ; 
.•• system. t- . ,:>p^- ;. ' ■ • . . . . - 

. 3. Why are relief valves needed in the system?* ' 

'}'Sy^T^--} 4., What controls the pressure in the system? 

-%5. JVhy 4oes the oil have to be hpted in the storage tank? 
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Review of Fuel Oil Measurement . ' Assignment g^-B-l-Ml 



■■^'.''■'■K Objectives: 1. Be^able to calibrate a ftiiel oil tank. ' . 

" , . 2/^^ to compute fuel oil reikdings. ' 

3. Be able to Compute fuel oil consumption, . 

Information: The fireman and erigiheen is. responsible for the maintaining of boiler room 
records and readings. He must be able to figure fuel oil'consumption and' 
J<^eep. records of'^all pfl^^ per hbur, per da^, per >yeek, or j)er y 

Fuel oil' tanks> may bcve^quipped which will give you the 

gallons of oil in the^tarik. If a gage^ hot installed or if it is faulty you 
' ' must be able to sound the tank^and figure the oil it contains from a chart. 

^ ^ * ; ^ .. When you ^SSfliirid;^ t a: reading in , feet and 

\ Cooking at sketch VIIrB-2-1 it should be clear that 1^^^^^^ 

■s^ would riot be the same number of gallonis as at point "B" or at point ^*C-* 



Example: ' . Stick sounding Monday -h- 5 '6 

; * Find: 1. Gil in tank Monday C < ^ : 

2. Oil in tank Tuesday . ^: " , # 

■ ■ ^ / .;. ■ 3.' Oil consumed- .;;':^v^'' ■[ 'r^- ■• \ 

.M'^ '■. . .'''■^\ Monday. Reading:- [^'^ ' ^ ■. 

' ■ ' / Change feet to inche^ ; • ' 

p.; ' : ;:5 '-x;i2:'=;-6o'': ■ " ^ 

* ' " • ysing the cha^^t^^^ = 10,648 gals. ': 

V-.^' ^ " : ■ ■ :■, . ■ . ■ :v " ■ ; " ' ^' 

/ V- Tuesday Reading: / , : 

m Gh|rig§ feet to inches ; 



5 X 12 =\ 60" 
6d + 2'/2 = 62'/2" 



Nofe.: There is no reading; on the tank chart for Vz" of oil. It will be 

^ :'aJ - '"sj^ necessary to interpolate: ' • ' 

Find gals. 63" = 10,040 - 
Find gals. 62" = 9,837 , 

Subtract f 203 gals, per inch 
Take 5^ = lOl'.S gals, per V^" . . 

Gals, at 62" = 9,837 ■ 

Add I + 101.5 "4 



Gafti. at MV2^= 9,938.5 
• AddJr + 101.5 

Gals, at 63" . = 10,,O4O.0 
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r Oil fleading Monday 10,64.8 ■ 

, Oil reading Tuesday - 9;938 

Oil used 710 gals.' 

9? • ' : • ' ■ *- • ■• "- '■ * '■ ■ 

* 1. Oil in tank Monday 10,648 gak 

2; Oil in tapk Tuesday > 9,938 gals. 

3. Oil used \ ' 710 gals. 



Assignment: Using the; following fuel oil chart find the gallons of bil for the following * > ;■. 

readings: ■. I; ' ' '0 ^ ' ' . ■ ^ ' ' ' ^-; 

1. Stick sounding - 4'4!4". How niiuch pil is in the tank? ^ ' > 

^ 2; Stick sounding: %riday 8 A.M. - 6'8" 

. - ^;vr . Monday 8 A.M. - 5'3" 

\ Find: a. total gals. ^/burned 

bj gals ''burned ■ per liay ' ^ 

3. Stick soundiilgr Moniky^^^ -^^^^^ 

'V. "after 'cbop '6'8V''^' '^''^^ ^ ^ ^.^^.^^^ ■ - 

gallons of oil delivered ^ / ^ : 

. 4. Stick sounding: 9/1 Monday^ 8 A.M. - 8'6'- 

9/2 Tuesdif r)^ .8 A.M. - 8/2^" 

-> 9/3 Wednesilay , 8 A.M;;.^-^^^^^^^^ 

9/4 Thursday 8'^M. 7'4%" 

i|;9/5 Friday ■ ^M^iA.: ^ 

-9/8-rM6nda y B ^At M. -^^ tOV^ 



Firid: a. fuel burned daily fronfi 9/1 to 9/5 
^ b. fuel burned 9/5 to 9/8 (totd); 

fuel burned per day 9/5 and^9/8 ^ 
' d. total gallons consumed from .9/1 to 9/8 ^ 

5. Find ten Vi" readings that will be|given tOi^^ou by your instructor. 

6, A complete Vi" calibration chart'^ijqU^be made $y each student in^ class 
using the calculaticSi^obtained in^^ 5. 
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Tank sketctj showing 1" of oil 




5-B-1-M1-1 
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calibration Chart Taiik #1 



Gallons 



Inchesa 

41 

42 

43" 

44 

45 

46 

47 

50* 
51, 
52 
* 53 

54. 
55 
56' 
57 

5^ ^ 

60 
V -61 
62 
63 
^64 
65 
66 ' 
67 
68 . 
69 
70 
71 
72" 
73 
74. 
75 " 
76 

77 ■ 



Gallons 
6039 

64# 

6641 

6,Q58 
■ 7066 

727'5 

7485 
■^94 

7904 • 

8116- 
'8350 

8542,;; 

8756 

89^8 
- 9181 

9395 

9610 

9825 ' 
1.0,038 
10253 
10468 
10681 : 
10896 
11108 



Inches 

82 . 

83 ^ 
'84 

§5. 
86 
87 
88 . 
89 
,9b 
91 
92 
93 
. 94 
95 
96 ; 

92 : 
98 

99 

100 

101 

102 

103 

104' 

105 



11322 
11540 ' 
11752 
11964 
12176 

12386 ^ 
12597 , ■ , 
12807, 
13015 
13223 
13430 . 
13635 ^ 
13841 
14044 
14257 

v:- , •. ^ ^ - 

20,000 gallon tank 10' dia., 34' 3" long flat heads 



#78 
79 
80* 



106 
107 
10^ 
^109, 
110 
111 
112 . 
W3 
114 

lis 

116 
117 
11.8 
119 
120 



Gallons 

"14446 
■r^ 14647 
•■^14844^'- 
15041 
,15236 
15428 
.15620 
15810 
15997 
.16183 
16367 
16548 
16727 
-16904 
1#7 
' •17249 
,17417 
';'l7583 
177it5'" 
'17906 
48058 
18210 
18359 
; 18507 . 
18647 



18785 
'18920 
19047 
19172 
19291 
19404 
19512 
:^9614 
19708 



19875 
19945 
20005 
20052 
20078 



5-B-1-IVI1-2 



Fuel Oil Teroperaftuite: Assignment 5-B-1-M2 

(^Ji|ictive: f ■ fte able to correct No. 6 fuel oil to the standard 60°F.^ ^ ■ 



i - 



' InformationV Bdnker-Qor No. 6 oil is used iii industry and in marine work as a major : 
' ' • source oftuel. It has a very Jiigh B.t.u. coritent.It may from 148^000; 

\ y: to 1^ not only must be heatea^ to burn, Jbut ^^i^^^ 

- ' . Delist also be hieated to make pumping easy. It is delivered in BUfjK either- / 
V ;;V by truck, train, or barge. Now, if a liquid is heated, what happ^s to its ' . 

; volunie? Does it increase or decrease? If it does increase^ by how mu^ . > : 

. the*? oil^ is heated, to 200° F, and then cools in the tank after delivery to 

106°I^., am I getting a fair deal? How much oil (did I get> and how much ^^^^^. ' V^^ 
^'^•:>r/;^oU' did;4- payi^for?- -"-^ - r^j-/' ^ ^r-.^-^:^^^^ 

/ You can see that there would be/many problems unless a staiids^d cbul(i^;:;;^v.i^ 
; be set-up, .It was decided that regj^less of what **the temperaiturie was^^^^^^^^^^^.- 
* " when ti^e oil was delivered, it would te converted to* 60°F ,to determine . 
the n^pber of gallons that you would Be billed for. ' 



W'-'-'' ' " - ln!.order to-correct No, 6 fuel oil to^O°F, the following equation can be 

; *• . ^ Corrected gallorfs = Gallons delivered * 

fc - : ■ ■ ' ' ' ' ^ [1,0000- (.000345 [Temp~60°F]j^ ; 

^' ■ ... h — • .. ■ ■ ' — ■ ^ ■ . . , — ^ — — ■ • > ■ ■ i — ■ ■ — ^ 

^ , ? The corrected nunriber of gallons can be found by four simple steps: v 

, ' ; • ' V ^tep 1: Temperature Jf Oil Delivered - 60° F. 

;H , • r^V' r Step 2r StefV l X .000345 

' - '-.^ > ' / - Step. 3: 1.000 - Step 2 ' - - 

•^•j W ^^^P ^ff Step 3 X Gallons of Oil Delivered = Corrected Gallons^ 

• . .* * Example: ^ A steam plant received 5415. gallons of fuel oil at 130°F. How many / 
(y . . gallons would that be when corrected to 60° F? ' • ' 

' , . , ■ ' ' Sfep 1: -Temperature of Oil Delivered - 60°F = 

. V . ';" ; - 130 - 60 = 70 ■ 

.' ... •• ■ '. , ' ' . Step 2: Step I X .000345 =„ • 
'' . . - »" 70 X .000345 = .024150 ■ 
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/ Step 3: 1.0000 - ^ Step 2 =^^^^^/ ^ - 

^ . 1.0000 - .02415 * .9758S«'-^ 

• . ^ ■ ■ ... • • . . ; _/ . . ....... • ■• ■;.(; ■ . ,. 

* Step 4: Step.3 X Qals of Oil Delivered = Corrected Gals„ i^''^^-^-.' 0{ 

K \ . .97585 X 5415 = 5284 gals, at 60^F. / ^ V 

Assignment: 1, Correct the iollowingf oil deliveries; to 60^F; / ^ . 

•^'-..v - f: 





Gallons Received 


a. ' 


' 4725 


b. 


5117 • 


fc. 


' 5129 


d. 


5155 


e. 


. . ,5249...;-; :;;;.; . 




2. Find; the constant (Step 3 >in figuring !scprre^^ for the. 

following tempera^es: ^ 



a. 120° 

b. • 125° 

c. 130° 

d. 135° 

e. ^40° 

f. 145° 



r 



Gas Systems / \' . <> Assignment 

objective?: 1. Be able to describe the various ga^ , 

2. /Be able'to identify the parts and to explain the function of ia^^^ 
in the different gas systems. 



^formation:. The pressure of the gas available at your plant Will pky an important part^^' 
''^ thfi type of system, that you will have. : 

The .first* system we will discuss will be a low-pressure gas system. Iitl this^ x 
system gas supplied atr the burner is reduced to 0 (zero) pounds 
pressure^'^he gas and primary air. mix tc^etlijpr outside the cbmbustiph; 
chamber and are forced aloiig to the' gas nogzle by a blower. Using vFigure ■ ■ . ■ i. • 
5-B-2-^l, let's^; trace the system: The gas line (1) 4s fitted with a gas co ■ , o 
(2) which allows the fireman to close the gas from the syk^ 

ig repairs. The solenoid -valve (3) controfe gai tbvthe pilot; (4)^ The ; 
anual reset valve (5^s an electric valve that cannot 1)e: opened untiL the 

pilot is ligliTCH. The pressure . reducing gbveriior (6) reduces the '\ 
ressure of the gas to zero pounds: pressure; The smaU line 
pressure reducing governor goes to the- vaporsts^t (y)/^^ *^^ 
switch wJiich is'^turned on by the gas pressure in the line or tttme^ 
when there is no pressure. The niaiii gas splenoid: vdve (8) will open ; 
proper time allowing gas to be drawn dowii to the mixjecter (9)^^ 
forced draft blower (l6j Will send air thrbiigh the^ butterfly valve (I'l). 
The. air passes through a venturi (12) and draws the gas witK it to the 
Inixing chamber (13)7 ■■■ ■ ' ■ ■ - ■ • 

The block and holder (14) i$ mounted on the boiler froiit and as the gas . 
an€. air mixture passes through the cage, it is ignited by the pilot light (4). > 
The cage has an adjustab|p ring^(15) that controls the secondary air that 
enters to complete combustion. A gas cock (16) controls the gas flow to 
the pilot. ; 1. 

■v.. ■■■■■ ' , ■ ■*:-'.- ■ • ' \ ■ • 

.■ * 4 ; Burner System supplies gas at a set pressure to the 

I ^ where nt mixes with the air on the inside of the burner* register. 

] / ' Using Figure 5-B-2-2 let's trace the high pressure system. 

The gas line (1) is fitted with a pressure gage (2) and a manually oj)erated 
shut^ff 'valve (3). A gas pressure regulator (4) controls the desired set 
n, / pressure at the burner. The electrically operated solenoid valve (5) is used 

r j-^. as an automatic shut-off gas valve. A gas control flow valve (6) gradvially ^ 

t- . ' ■ ^ allo>ys the gas. to flow to th^ burner at start-up. A gas volume control 
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valve (butterfly; valve) (7) controls the volume of gas to the burner. A gas 
pilot line (8) ^lupplies gas to the gas pilbV regulator (9),. a gas pressure gage, 
(13) and an electrically. 6perated solenoid valve (10). ^ Air is supplied by a 
forced draft blower \(tl')\and. mixes gas in the burner register (1 2)- 

'whereVignition accursV''^^^^^^^ ■', '-y.- ■ '\''''\:''<'-}:--^ ^'V'';' ' /' ^ ::" ■ . 

In some instaUations, combination burners 'are used. These burners are 
actually two burners in one and are capable of burning gas or oil. This is 
very important when a shiit-down due to la^k of fuel could be expensive. 
There is also the adyantage of burning the cheapest fuel at any given time. 
With the air pollution laws becoming more strict it may be necessary to 
burn gas only. ■ W * 

A combination oil-gas burner is basically the same as having £m-;6^^^^^^ 
and a gas burner system connected together at the burnerv^throat! (at the 
front^bf the furnace). The pkrts bf«the system are the same as Jf . they were 
separate. See figures^ 5-B-24, 5-B-2-5, 5-B-2-6lahid 5-B-2-7. 

As you (dan see,, the sketches show'^a High-Pressure Gas System. It operates 
like 'the : one described earlier in our lesson. The.-one exception is the 
sketch 5-B-2-7 which shows a vent line. It is installed for safetyrso that gas 
from a faulty main valve cahnotlleak into the surrounding arear. ' . 'v* 



^^1. Describe how a low pressure gas system operates. . ' 

2. Describe how a high-pressure gas system operates..: 
|i -jL What safety devices are installied iii each system? 
"111 4. Where is the venturi used? 

^5. ^ Describe a. combination gas-oil burner. ' ^ 

fe, Why are many plailts converting to combination, gais-oil burners? 

7. - Why are vent lines installed? 
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SCANNEI^ 




AIR. DAMPER 
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GAUGE SOL^Ord VALVE 
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Objectives: 1; Define draft. . ■ :^ 

2. Be able to explain \yhy it is necessary to control draft in a boiler^ ' ' 

3. Be able to control^draft in a boiler. 

Information: E^aft has been; defined as a difference in pressure vHich VvUI cause air to 

• ' ' flow. In order to burn a fuel cotnpletely in a furnace, it is necessary to * : 

. have sufficient quantities of air under the conrect pressure to bvercome all ^ ^ ; 
^''i: * re^istsmce encountered a^/^t passes through the boUer; Draft is clasisified as ' r s--^^^^^^^^^ 

natural or mech|S6iical. . . . ; ■ .. 

Natural draft is/, produced only" by a chimney. The hot gasses inside the 
chimney rise and are replaced by the cooler air outside the chimney. The/ / 
^ .. amount of draft is dependent upion the difference in temperature of the 

column pf gas inside the chimney as compared with a column of - air . 
outside the chimney. .'^ 

Mechanical draft is prpducedv by power fans. The two types of . 

mechanical draft are forced and induced. Forced draft is produced when* 
the ||p or; blower i^^ 

produced when ^'the fan or blower is removing gasses of coTmbustion ff^ ' ■ 

the boiler and, discharging them into the chimiiey. Forced arid induced 
draft fans are used in combination on lai^e boiler instaUatio^^^ 

In order that the correct fuel-air ratios can be maintained for good, clean, 
efficient combustion, it is necessary to control the draft through; a boiler - - 

. at all times,,pveri under changing load conditions. Draft can be controlled 

• ■ by:f*-.;/ ■ ;,:./-. ;'./ .^.-:-^ 

^ ' ■ . 1. spee^^of the induced pr forced draff "fans. . . 

" ' .. 2..- use/Qi dampers / ■ ■ .v. / 

. 3. use -of inlet vanes on the fan.* ' ' 

* On natural draft boilers,' the driift is controlled j)y; arf^ outlet dam 

located after the last pasf of 'the boUer arid an inlet dk^ 
furnace. The outlet damper moves towar^d the opep or closed position to 
maintain a constant furnace pressure of .05 to .1 inches of water below 
^ : the atmospheric pressure. The inlet damper opens or closes to allojv the 
proper amount of air for the amount of fuel being used (fuel-air ratio). On 
forced and induced draft boilers, there will be inlet . and outlet dampers, 
and the fan, speed can bp increased or decreased depi^riding^ori load, 
conditions to control the correct amount of draft. . 



Inlet vanes on forced draft fans are used on con'stant speed fans to control 
inlet ^ir to the furnace,- When .the pressure within the furnace is kept-, 
constant, it is called a balanced draft isystem, ^ " ^ 



-References: — -Steam-^Plcmt-^Ope nition — 

Elementary Steam Plant Engineering 



Assignment: L Define draft. How is it measured?- ^ ; 

, _ 7 ^ ?v .Pefme the typ boilers used in industry. 

3. What is the function of a chimniey? i . 

4. H6W is draft controlled? * / 
5.. Explain ^'balanced draft." 

. 6. what are the advantages of mechanical draft over natural driaft? 
7.. Why is it necessary that draft be carefully cdntrolled? 

8. If you were having trouble carrying a load on a boiler," how would 
you determine if insufficient draft was the cause? 

9. What are the /conditions that make mechanical draft necessary? 

10. What are same of the difficulties that can be encountered when 
perating fans? ' . . ' - " 
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Draft Produced by a Chimney 



Assignment S-C-fnMl 



• Objectives: 



1. Be able to write the. fpritiula that is used to determine the thebretirical 



_*/ ' arnount of draft producied by a .cftimney. 
2. Be' a ble to calcalatte th 



iraft produced by a 



chimney using the aboye formula/ 

/ Information: Draft is produced by means of a chimney that contains gases at a higher 
^ » ■ temperature thanjjje surrounding aif. The weight of a column^ of hotjgaises' 

jt^ r in -the chimney is less than tljat of a column of air at outside temperature. 

^, The amount of draft, produced depends on the height of the chinihey and 

the .differencolbetween the. outside and inside gas temperature. 

•* The following "formula is used for . calculating ^^the theoretical draft 
* . J produced by a chimney. ■ . , >^ v 



where 



D = .52HP 



D = draft at the base of the chimney.. Expressed in inches of 

watefr.'; J . . 

H = height in feet of chimney 
, P"^ atmospheric pressure (14.7 / 
T^ = outside temperature in. absolute degrees Rankirie, 
Tg =5 gas temperature in absolute degrees Rankine. . 



Note: To change °F to °R, add 460. . 
Example: 20°F to ° R 

20° "t 460? = 48(f R. 



Sample problem: 

.A plant has a chimney 200 feet higl^The stack temperature Is 450°F and 
the outside .temperature is 100^° the th^ipretical draft in inches^ of 

water. ' " / ; , 

' ' D = .52 -HP - 4i ^ 

D = .52 X 200 X 14.7 (-5^- 9Jo) 
D = 1528.8 (.0017- 0010) 
j; : -D = 1528.8 X .0007 . 

D * = t:07016 inches of water. 



ERIC 



147 



' ''Elementary Stearw' Power Engineering 

^1 . ■ • ' ' ' ' * - 



Assignment: 1, a. A p\mt has a chimney 185' high. It carries a stack temperature -of 
' ; % 485*^F. The outside tem^peraturean* winter is 4p°F. What is the . 



draft in inches of watfer? ^ 

b. In summer the , temperature; is usually 90°F. What is t1ie draft in 
' ' inches of water? ^ . ' ' ' 

^ ' 2. .a. : A plant has a chimney 175' high. The stack temperature is 540*^F. . . ; . ; 

" P under full, load^he^ outside temperature is 60°F. What is the,; ' 

draft in inches of water? ' . ^ " .A'':, 

t b. When a plant is^uqjder light load and.the stack temperature drops 

. to 350*^?,, what is ^the draft in inches of water? • . 

^^ 3. A plant has a chimney 110' high/'The -stack* temperature:: is 425° F and . , . 

. the, outside temperature is. usually 45^F in the .wiatet and 85°F in the 
ier. What is the draft in inches of water in: / ' 
a./ winter' 

■ \^ b. / summer ' . V ; * 

4. Change the following fo degrees Rankine: 
\ a. 60°F - d. ZO&'F ' / -V 

• b,. 4oy . • ■ 6, '30°F ■*'V:--^^---': ^' ■ ■//••'^^^ 

-c.^iso^F, ' ' - 

5. a. A plant *As a chimney. 175' high; The stack temperature is 4 50*^F ; 
and .the outside temperature ^in; the w is 60°F< A^Jiat is the \ : V 
draft in inches of water?. ^ . 

b. In the summer when the outside temperature, is 90° F,. what is the 

^raft in inches of water? o - > ! ' ' . r 

6. a; A plant" chimney is '250' hi^h^ under full load and the stack • * 1. 
temperature is 5(T0°F. When the outside temperature is 45°F, find " ' ^ 
the draft in inches of water. \ ^ - # 

b. ^Under a light load,. \he sfcack itemporature drops to 350°F. Find . . ' 

the draft in inches of water. 



Main and Auxiliary Feed-Water Piping 



Assignment 6-A-l 




Objectives: ' 1. Be able to trace every possible way of getting watei: into a boiler/ . 

2. Be able to explain whit" tg^^^^^ event of low water/m a boileirV 

Infor.mationr'v We have' distussed the importance of feed water in a boiler. By this time, 
you^ should be familiar with the feed-water jines in our boiler room. Upon 
« taking a job in^ strange boiler room, a fireman's first responsibility is to 

^ace the* feed-\yater lines in his plant and find every possible way "of 
getting water to the boilexs. In*an emergency th'ere is no time for research; 
he must know what to do immediately. In many plants it is pj5ii|y a matter 
of three or four minutes from the time a boiler starts to lose llper until it 

■ -is dry.; ■ . ' : ,^ J ■ ■ ; ' .• ' ■ ^ ^ • ■ ■■■■■ 

Starting at the open feed water heater, you should carefully ; trace the 
main fe%d water line. Take noi^r^j|. all bypasses around heaters and 
regulators. The line will, end a&er tlfS'^Stop ajid check valve at thq boiler 
drym. in'some pl|Jrits you w|ll find that an auxiliary line has been installed 
and goe3 directly from the feed water pump t.o the feed-w^ater stop and. 
check valve. This line is usied/in emei^encies ority. Makeup water isiusually 
added at the opep feed-Watejf heater thrjpugh a float-controlled valve with 
a bypass around it* 



Eeed-water- piping is usually constryicted of 'steel and must conform to. the 
specifications for temperature and pressure. The A.S.M.E. Cpde covers 
certain sections of the feed-water 'line; this was discussed in Unit 
Please ref^ to the drawing that you did for that assignment for exact 
details:. * ' . 



References:. A.S.Af.E. Code, Section I 
' • Elementary Steam Powejr Engineering 




Assignment: 1. How many ways are there of getting water^^ifcto a steatp^^ 
* • Explain. ' 

' 2.^;Why is itMmportant to know every possib|e "Way of getting water tcrk 

' ' boiler? ' • ' ' ,■ • ^' ' 

, 3, ' What is the purpose of a bypass'on a feed-water line? . . ^ 

: 4. ^ What part of the feed-water line is covered under the A.S.M.fi".' Code? 
5. If you were carrying X^-p s.i. of s^^eam .on a iboiler and your feed 
water pumps failed, ^w^|^Vould you do to protect yoiir bo^er from 
: [ overheating because of low water? . ■ 



■ ■ 



... Line Valves 



Assignment 6-A-2 



Objectives: 



Information: 




Be able to identify the types aj|d describe the purpose of the valves 
found on a feed-water line. • 
Be able to explain the A.S.M.E. Code requirements for feed-water line-^ 
valves. ^ . .. .. • . 



Thfy^^A line on a steam boiler shall be provided with a check valve and a 
gajcv^ or , globe vdke, located close to the boiler shell; The gate, or globe 
ve, shall be between the check valve and the boiler. When a globe valve 
is used for this purpose, it must be installed, so that the pressure from the 
feed-water pump is under the seat of the valve. . . 



ywhen twd or more. boilers are fed from a common source, there shall be a 
globes valve located on each branch line between the check valve and the 
main linc^jAlI valves must conform to the pressures and temperatures at 
which tfit^ will be operated. The valve closest to the shell df the bbilfer is 
required in case *the check Valve should fail. Then the boiler water would 
flow back through the feed- water line. This valve is also used '-when 
^^epairing . thejf check valve. Without it, it would be necessary to take the 
boiler off the line. The globe valve on the branch^ line .<jan,be used to 
regulate the ffow of feed water if the feed-watefwegula^dr is not 
fimctioning. ^ ' 



References: ,yl. S:M E, Cade, Section I ' 

- . Elementary Sieum Power Engineering 




AssignmeAt: 1. What types of valves W used on feed-water lines? • 

2. ^i^y are these types of valves used? 

3. .What are the advantaged of using a globe valve rather than a gate^^ 
' -A • ■• ' Valye? ^ - ' . '* ' . 

4. According to the A.S;\J.E. Code, how should the valves on the>. . : 

-Water lines be installed? Why? % . ■ 
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open Eced-Water Heater ^ . ' • ; Assicriment 6-B-l • 

■~- . ... . - . V : ^ — . — 

Objectives: 1.* Be able to explauTthe 'purpose of an open feed-water heater. 

2. Be able to describe how-^an open feed-water heater functions. 

3. Be Able to describe how an open feed-water heater is constructed. 



Infori|iation: For every 10° rise in feed-water temperature, you Will get abOTt a 1% 
savings in fuel. This savings alone is reason enough for ^having an open 
feed-water heater. But the heater does much more. It is open to. the 
atmosphere and vents out oxygen and ^ther non-condensable gases.' 
Oxygen in the boiler leads to pitting and corrosion. f 

• •: ■ ' '^'^ ~ ^ ■ '■ ■ " 4' ' ' 

All condensate returns come back to the open feed-\yater. heater so it acts 
as a reservoir for the feed-water pump to get its spction.- It is equipped 
. with a flbatrcontrolled valve,^and city water can .be added to the system 
automatically. The open heater usually has an oil baffle and cake filter . 
bed to trap out any oil, that. *might have been picked up by the return- . 
condenisate. |The heater also picks up sbnie of the scale-forming ^^ s 
ephtained in the city water m^akeup; these salts start to fettle out at about 
150° F. Although the open feed-\yater heater is vented to the atmosphere, 
it still will jC^arry from 2 to p^ 

Controlled by a balanced valve vented to the atmospfierc. if steam p^ssure ' 
gets too high, it could cause the temperature of water to rise anl cause 
the feed-water pump to l?ecome steam bound. The heater has a pressure 
gage, safety valve, gage glis, and therrnlb are all necessary for 

proper operatiofa and safety. 

Figure 6-B-l-l shows how the heater works. Condensate enters at the top 
and cascades do^n over trays. The steam coming in from the side hdps 
break up the condensate returns and thus drive off the oxygen and dther 
entrained gas.e.s. The steam coming into the heater must pass through an 

* oil baffle where any 'entrained' oil will* separate out and be discharged, 
waste. The open feed-water heater also hais an internal, overflow to protect 

! the lieafer and the system from flooding. : • 

/ . . y • ■■ " ■ ^ 

The open feed-water heater is located on the suction side above the • 
feed-water pump. Thiis is . necessary so that the feed-\Vater pump will be 
supplied with a head pressure ^allowing higher feed-water teniperatures. 
Remember, for each vertical foot of water, you have a pressui;e of .433 
pounds. Higher pressure means a higher boiling poin,t. The ojpen feed-water . 
heater should be opened once a yq|r; the trays removed ahd i|||houl4 be 
thoroughly cleaned. After the heater has Jjeen' wire brushed arvd flushed, 
all internal parts should be; painted with a special material to inhibit 
corrosion. ^ . , 
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A 



'-|ea|C)&r wjth'a^ veriMeori 



* ' -^ 't^. . V •! I ccmdef^ citjr .a^^ thro^ f Hje/vetit 

: : . . * ''■-'^';'^ '*']^ • t?He*condfe|^^ t6: tilk htS^^ifbis V called a 

. V-^^^^^^'^^; h . Aisienmeri^^^ >Wtere is the 6pen\feed-wab^ Explain 



Aisignmerit:. • 1, . >Wtere is the openMeed-wafe^ Explain why. 

■ 3; What governs the temperature yoii cah parry in ah open feed-water 

4. What is the purpose of an internal ovei^Qw; in an o'pen-feedrwa,ter 

heater.? ; '\ , -'^ ■ •• 

5. What does the vent condenser do in a deaerating heater? ^^^^^^^ ^ 

- 6. Wlfat dangers are involved when using an opeji feed-water heater to 

the boiler? - 
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Efficiency of Open Feedi-Water Heaters : Ass^nment 6-B>l>JVil 

Objective: . 1. Be able to calculate the percent fuel savings from heating^^^^^^ • 

Information: In an open feed-water heater; the steam and water mi^^to raise thd . ' . 

temperature of the water. If exhaust steam from turbit^ .enginesv.or ; ' 
, reciprocating pumps is used for this purpose, large fuel savings and higher . 
plane efficiency can be obtained r For approximately every lO^F rise in 
feed-water temperature/ there is a 1% saving in fuel. Thie follpv^ 
can be used to calculate the .percent fuel saving due to feed-water heating: / 

Percent Fuel ^.ivinp - ^^'"P" of Water LcaVing .- TeTnfcvof Water Entering X 100 > . 
. rercent l^uel J)aving B.t.u. in^haust Steani V- (Tempv of Water Entering - 32) ^/ , - 

\ ' ^ , He - - 32) C ^ , . 

The heat in the exhaust steam is 1150 B.t.u. per pound. The temperature 
— ^ of the water entering the heater is at 55°F; it leaves, at a temperature of 

' . - 195°F. The savings tjiat result from this preheating would be: 

Tp ' ''*.*-' 

^ ' . - - % Saving = He - (Tg - 32) X . : S- ,^^^ 

^ /' % Saving = ii50^-^(V5^^ 32) X 100/ / / ' . 



* 



% Saving = ..ijIf-X 100 



% Saving = '12.42% 



References: Steam Plant Operation 

Elementary Steam Power Engineering 



3f 



Assignment: 1. Steam leaving' an engine, is exhausted to a heater. This steam heats the 
feed water from 60°F to 155°F. The heat content of -the steam is 
1100 B.t.u.'s per pound. Find the saving in fuel that would result 
' from this prehc^^g. ' . ^ 

2. Find th'e fuel saving when using exhaust steam to preheat feed water 
witii the following conditions: 



a.' 


]20°F 


- 212°F 


1160 B.t.u./lb 


exhaust steam . 


b. 


80° F 


— 20O°F 


1174 


ff 




c. 


70°F 


- 180°F 


1077 


II 


II 


d. 


180°F 


- 220° F 


1083 


II 


II * 


e. 


100°F 


- 150PF 


1096 


II 


It 


f. . 


_ 165°F 


- 218°F 


-■ 1176 


11 _^ 


ff 


g- 


90°F 


- 190°F 


1156 


II 
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Gioscd Feed-Water Heater 



Assignmerit 6-B>2 



Objectives: 



fWlhformation: 



1. Be able to explain the purpose of a closed feed-water fifeater. 

2. Be able to locate the closed feed-watei^ heatjer^^ 

3. Be able to describe the basic construction of a closed^ feed-water 
heater* 

. ' ■ ■■ ■■ " • .r . ■ " ■ '• ■ 

The closed feed-water heater^'is located after the feed-water punrip ih the 

feed-water System. It heats the feed water to a much higher temperature 

•than the open heater. The final outlet temperature is determined by. the. 

steam pressure in the heater 'and the/rate^^^fliw of water through it. ^ 

this ,type of heater, tke steam and {wa^^^^ not come. in -^i^^ 

with eath other. Water passes throtigh the tubes, and steam is in the'shell 

•{taromid'*irh«-tebes');'-"Beca^^ 

the pump, the feed-water tcsmglirature cgin be raised because there is no 

dailger of the feed punip becqinciing vappr bound, i^whi is possible with 

the- open- feed-water heater. Wheii; a closed feed-water heater is used, it 

reduces the thermal shock on the\ii)arts of the boiler where the feed waiter 

, is introduced. It can al^ ihcrease|;the overall plant efficiency if the steam 

i;^^::is bled or extracted Irom a stearfii 



iine and used in the heater. 



A closed feed-water heater can be either vertical or horizontal and single 
pass or multi-pass. It is bisically,a steel shell containing a largfenumber of 
small tubes that ane secured / into two tube sheets. Expansi(M?^ arict ^ 
contraction of *5fcjie shell and; tubes has:-: to be taken into careful' 
corisideratioa when designing thes^: heaters. Steam enters tlie upper part of 
the shell, and the condensate ..1^ remov W afekthe lowest sec tion of the shell. 
It must b^ equipped with Safety arid ' relief valves, sFop valves, and a 
by-pass arrangement to^ facilitate takirfg the heater out of service for 
cleaning or repair. > * 



Referenced: 



Assignment: 



Steam Plant Operation 

Elementary Steam Power Engineering 



\ 



1. 

2. 
3. 

4. 

5. 



What is a closed feed-water heater? 
Where is it located' in la feed-water isystem? 

Can you increase the' efficiency of a plant if you use a closed 
feed-water heater? Explain. 

What is the main purpose of using a closed feed-water heater? 
How is a closed feed-water heater constructed? 
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Fuel Economizer 



Assignment 6-''B-3 



Objectives: 



Information: 



1. 
2. 



Be able to explain the purpose of the fuel economizer. 
Be able to.lbtate the fuel eco/lonli^ 



An: economizer must be located so that it can utilize the heat in, the gases 
of combustion to heat the boiler feed water. It is sometimes referred to as 
a fuel saver and'^ can incre^. the oy^rall plant efficiency from. 4 to 20% 
depending on plant operating conditions. You should remember. that for 
every 10° rise in ^ed-water temperature, we realize afl% savir^s in* fuel. 

Economizers We used in plants that have a rathei^: steady load. If the plant 
load "was a fluctuatkagi loaid, it is possible to cause the ecbriorriizer tubes to ; 
sweat. Since it is Xoz^A. \vi direct path of the gjises of (dombustibri^ it 
will /have some soot present. . Soot plus water equals trouble due .to-fefuric 
•acid at^ck. ■ . . ' ^ 



Refe 



rences: 



Assignment:j| 



Steam Plant Operation 

Elementdry Sieam 'Power Engineering 

Practical Heat '.-k^- 



« 



1. 

2. 
3. 



5. 



6. 



7. 
8. 
9. 




5s are 



What is a fuel ecojpipmizer? , ' 
Where are tl^y generally located? 
What are the averag^ltemperattires* of ^fe 
the .ecoril>m.izer? ^ ^ ' ' • 

Why is it necessary to use .ajri induced draft fan when econo^ 
. used? 

a. What is a parallel flow economizer? 

b. . What is a conterflow economizer? ' " 

c. Which is more efridenf? '' ---ip,,-' '^<- 
Indicate the^ typical heat balance in a modern planipfor: 

a. Boiler|j|fficiency.^ ' * ^^^'-..■'"-■'y'' 

b. Boile»fnciency with ecio]|pmizer.^ 'k:, '' ■ ■ . ' 

c. Boila^efficiency with ecohomizer'ancE air preheaterv 

Briefly.; describe the unit typ/e and thie integ^d^^^ ty , 
Why is it possible .to use steel tube econonli^irs? 

\yhat types of bypasses are needed on economizers, arid why are they 
necessary? ^ , ^ 
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Pbjectives: 1^ Be able to describe the wrftpge^ the feed-water regulators. 

Be able to identify the'^ types o( ^^Jj^at^re^ . - 



3. ' Be able to o j)erate a feed-water "^V 

Information; To indease the overall effici^iAcy /;c^^ it is' necessary to . 

^ control the amounts of v;W^^ to a boiler. By maintaining a 

- steady minimum 'water level^VW^^^ fuel consumption^ cut down ' 

on boiler; thermal shock,;feducfe|t^^ of carrywer;>and deduce danger of ^ 
a low water that could lead; tof^Wilieated, bunied jout tubes orveven a boiler 
explosion. » : ^ ^r. -WS' v^: - 

W-:^f- ' /V^xaII feed-water regulatory, rjejai^tes of their inake or. design, must be' 



ideated at the normal ope'^t^i^water level. 




j; . A feed-iwater regul^|br mug|^be^^l^ to mak||| 



' 1 ,5: 



. sure it wiU operated This avbrbaq^^^^^ thete. are 

; . .^i '- so"*^ exceptions to this ru^. It^i^the'^^^^^ 
,>.^>^ own feed-water regiilatof and wt^jf^^^^ for proper operation. 

/■■.■■■^ ■Tr. ..:.^^^y controll^ only a| good as the man wlijgf^fe watching and maintaining^ 



Mr 



Elementary Stearrj^^ Pow^r^hgiheerjing . 
Boiler Roam . Questio Answers ' 

Mflwt^cjfMirieri Data Sheets 



^ Assighniient; • m^R^&t is'pie purpose 6^^ a: feed-water regulat^^^^^ . v * 
* ' ^ ; .2?^where &e feed-watief reeiilators located bn a boiler?/ ^ J| 

^ 3. What type^Df feed-water regulatiors do we .have in our plarit? 

' . " . ^* Describe in detail how our feed-water regulators operate. 



■. ^ 




„ , 5. What could happen if our feed-water, regulator^were not blown down 

S \ -^{^^^ 6^ Describe in detaUv fllfe;^ thermostatic expansion type feed-vyater 

^ % 3P|^^ \ regij||atbr. Include location ' 

: iH ^ * 7.' If you blew down our flS^d-water reg^ ? 

. . ..^ down,^hatvwould,yoi^o?: ti^-,. ■'• ■[:.• . ■. • -ll'- 

t y #8. \\^at would' you do i£you were firing a boiler with a Copa^ 
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Aitonia|re Qty Water Makeup Valve 



Pf :.:'^^^^^ /l. /bef^able to; d^^ the purpose^ iind to lodii^imqmatic city ^yate^ 

I' i".-.' — • : ' :makeup Valves.' • " "'M ■ 

/ y . % < ': / 2. - Be ablfe?^.to\describe the firemSn's' responsibility/ltiejgarding aiitomatic 

.^-J- . r' . ^ ••■\c}ty. water- makeup valves. ■;■ n /•"■;.; > /: ■ . ||.. . 



- /yvy. iV. -'T. ■ ■• •.' • 



jt;.. i^ . \^: lnfplfmat It take one |)ound of\ water tor miike oriev If.your system 

Js tight and you get back a|b^f your returns, you will need little or no city 
*. • . : water makeup. But, as in|||p 

are lost due |o leaks, and some are contaminated and dumped. It is often 
* necessary to. add 50% makeup wa 



.,4... 



^The purpose of' an ;j||^omatic city A|^ter flyceup valve is tj^: automaticjjly^ 
lladd city water to ;;^he boiler: or /^^^^ to keep |||:operating, < Jt ,is • 
meijhanica^ ijn pperatioh; a flokt ropens or closes a valve in the city^^^^r * , 
li^e• In a^low-pr.essu^e p^t/ t^^ located^ a little below the normal;;^ 
operating water^wl/ The top' line connects to the highest pT^ .\ 
sfcara^ side of tKp^oil^^^ below ;the-,np^^ • 
6" below the. center line of'the boiler)* Tlie city water 
^ : i: ik di^ the boiler because city water press|iTe is greater 
V - /li^^ the boiler pressure. Il shoidd be rioted^that an, aui;o water: 
makeup valve in a low-pressu]^;boiler' is not m^^^l^^^act as a feed-water 
. . ; * reguU^ plants are usuaUy designed for .100% returns. If city 
.yyfater IS .being fed into tHe boiler cbminuaily,* it pieans there is a leak' in . 
' your sys^etn. You are losing good . condensate\^8M 
r . ; • city , water which contains scale-fprming salts. You n\ust fjhd ancl repair. 



the leak at once. 



0%- 



^^^S^ pressure plan ts, the lutpmatic icity . watef makeup';^ir:vbe locat;^^ f 
^ on an open fBed->yiat^i: heater 6r tank.. This is --^ 



'References: 



Since^ much of the are" Icfet, it^necessiai^ 

fded^ater treatigSjb^^ scale build-up. 

,Elementai9^iisdtp Pi^wer: Engineering*^ ■' 



carefully watch yci^ 



Juou; Pressure 




^itions and Answi^s .:>■ 



ERIC 




;r pressure is .gTfiater. *t|ian city .water pfeissure. . 



:t-:-. 




Ass^imcflt: is' the pur^^Pe of ah automatic city water makeup^ valvg? 

2. ' Where are .they located in: . 



' ^■■''^^^'^■■^ • ^w-pressufe plants - m 



■^-i'v/^x'' 'high-pressure plants. 



3. Describes in detail how an automatic bity water makeup valve works in 
a low-pressure plaidt. • : / i^'V^^^ 

4. What would happen if the automatic city water makeup valve stuck 

5. what would happen if the automatic city water makeup valve failed to 

6. Why is feed-water treadmot more critical in a high-pressure plant than 
in a^low-pressure^lant? 



^ontiroIsV tow /Water Gutoff 



Assignment 6-Q-3 



^•f^i>bjectives: 1. ^e able to describie the purpose and^^locate a low water cutqff^ 



2. Be aWe to describe the fiireniail^^ re^ regarding low \||ater . 

' cutoffs '■■ -"V^^; . .S^' ' •"— 



Information: The low water cMoff is an automatic device that will shut thi^burner off 
when the water is low. This prQteotsjthe boiler from^^^^b 
. blowmg ; up. The cutoff is^ J^^^ below the normal operating 

water leveh the top line goei to the highest part of thcj steam side of the . 
•boiler,' and the bottom connects 6vv^ center linev df tl^H^,^^^ 

There should^ still . be; water showing* in the gage jglass :^hc^n the low wafer 
cutoff cprnes into* operation must be tested at least oncieSa shift by - 
- bli^ngrdow a month- by actually letting r 

the water leveHrrrhe^b&li^^ 

test. It should be. jgmn equipped with a 



If 




better^iiKffe^^ 



References: Boijer Room Questions and Answers 



ifi^OHifPressure Boilers 



Assignmenj 



1. .^ Discuss the. pw <of% Ibw ^^^Kef cutoff? 

2. If you .ble;yA?^own^^^^ and thelf*burnerjdid_iiLa£_stml : 
,off, what procedure would, you follow? 

3. Why do you. thihk it would tbe good engine|^g -practice to test the 
low w^tir cutoff by allowing the water level -in' the boiler to ..drop? • - :■% ' 



0' 



4. How ofteipjsho^^^.lbw be.tested by. l^^wing down? 

5. Must all boilers b^quippe^ with a low water 






Condensafe^Tank; Atmospheric 



Assignment 6-D-l 




3 ? 



objectives: ; 1. jjjjable;^^ Ideate thfe .condensate tank! 

able to describe the fireman's responsibOity regarding condensate* 
tanks. 

■ ' . . - ' .... , . . _ .J, ^ . . ■ . 1 » ; 

*should * tell 'you^ its*; 
, completed^ Its work; it * 
|';^:\7j, coiTO and it' shpuld be returned 

" "^-^^^^^^^^p rrlore c^lidehsate can be reclaimed, less 

^^raw water has to 'be used which reduces the amouat of chemic^^^ needed 
ISy the boil.er to control ^scaJe^^p^^i^ oft:eij|j|^pp^^^ to return, the , 




'fSJ v/f^ K^^^^^ to th(y|^ed-water heater yifRit 



mak^s a condensate 




References: 



Isigftment: 



Low Pressure Botlers^^^^^^] '-^^^^ ;v ,. 
'McDonnell ^MiOer-xSii 



2. 




4./ 



■I jj^V .pyteuss^^ purpos^^nd' general location of the : c^nd^ 



HoM^«,j^€m*ld^th(^ proper :retiirhswe^4^^tffetw: 

to th^ condensate tank^ ^ ■ ^ / . 

Why do . ji |u think it is necessaiy^^to save this condensate? 
Why ..is tliF condensate returh tank fitt^ autpmatic!^city water 

makeup? ^ 

What would an increase in cohdehsate tem^^?^^ 
Where does the cone 



Sate pump discharge? 



The- condensate,c^ank is usually- located as close to the boiler room 'as 
possible. It is fiHed^ witjji a gage glassra^^^ usually a city water makeup line: 
V The tank \yiU have a suction line goffigi^d a condensate pu!^. ijiis pump 

-will discharge the water throligh i* pipe ^^H^ a 
large plant,, there may be one or more return Siinks feeding ohie main 
return tank located in the boiler room. Failure of any one of these tanks/ 
to j5p|un;|L.,k^^^^^ will cause ah increase in makeup watier. By ' 

^wi^rpjiiS^ temper^lire; the rfiriem'an can tell when aT failure dfccurs 

by/a-di^b|Jn temfyiat;^^ ; ' ' ' ' : ■ 

If :ithe temperattite. of ;the! pp goes toj^igh, it ^uld cause the 

condensate.^pump to ibecpr^ in|p|(se in condensate v 

tempej^ture coiMd be 9auJ;e($^^-Steanl traps blioWing throughiF • . 



iw traces of oil in the returiS?tank;^ wha,j^ 
foflc^^ this ei^(5tt overall jplant !^pie^ion?v^ ; ■ ; ' '^'''.-.■-'i^^yj-/-:' 





Condensate Tank: Vacuum 



' Assignment ^6^2 



Objectives: , 1 . Be able to, .'jd.l^^crib^ th^^ [ibrpose-and ta^lbcate Mjlvac condensate ' 'a 



2i Be able to. describe Rov^ a vacuum pump works. • . ' . ' : - 

^3. Be aDle to describe the fireman's resppnsibility;!^^^^ T ^ ; / 

pumps ^and tanks, ^ : ! ' . \ ■ ^ ' 



Information: ;-T|i^^^ condensate tank basiclt^erves the ^ same purpose as.Vi^ • 

^ ^^'^^^sp^J"^ condensate^ tank; it reclaiy, cond It is equipped, with^yll^^^^^ . 



vaduj ^ p ump thatT||ptes a vacuum^^ptlus^turn jine. This j^acuu 

* pndensate * from the return Im^^ th^e cbftdehsates or 



to 



V--vacuu^Pf|hk. Any air or non-condensablevgases are discharged to, the ./ . 
'atmosphere; and the condensate is disch^^ed either to a fee^-water heater V-'' 
jor to.:u' rec . 
the conderisan^e . could bcM^^ 



Rcfcrcnc&r Sleam J^^^^ 

Lo w Pres^u re Boilers ^ 




Assiginmcnt: 1. What ;i§ the p^rpose^^ 

2. Where do. the> air and no^rcon^ ■ 
to them whetf'they get. bat^ ^ v "''"^-'.i^-' 

^3. What.is the^piirpose .of a therllomete.r*^^^ 

vaci^Urxiianlc?^'. '"-rv^/ '^■■■V . ^ ' ' 

■. •'^§^'-j*\ * : ' ' ■ "'■ _ i^v- - ■ 1 ■■ ■■ ■ ' 

* 5. V What could this iqcr^i^. in temperature c would ; j;ou 

. . .6 vacuum punip in a lo«fepresstireiffi^aS^ 

■'■M^'- 'system and -'^'^M y^-' ■* ■' .' ' 

: . 7v what w^piild waiter coming-^out o/ thWatmospheric discharge line otgthe 

' .■ ^.:s:'-m^:'- . /;,;^-.^'4:^:^:V V. ' ;■ -"■ .■■^T-'-i- v ■■■■ ■ : ■ ••vu- . 

v^:^^^^i^^^y^^^^ vacuuin pump mdicate/ . \ * ^r:;; . 

l;8*^j^!?h^X do' P^c vacuunj • tank and two vacuum pump'^^ISt^ 



\ 



■■m 




r ■ : Rfecipro^ ^mps 



A^tpnm^nt 6>E4 



^1 



• ,^ Qlywl^^^ • Be i^^^ to describe, how ^ redprbcating pump works. 

* ' - ^ il^^^^fSP^ 2- Be able to explain the me^irtgiof t:i(i&'n^me plafte ^tc 



I 3. Be able to explain the r«|^n why a recijpro^ pump will fail to' 
deliver water to a boiler. * • 



V ;Iriformation^ a positive, displacem^l p^^ the. piston " 

moves through each stroke, a defir^te^moiint ;ofv\yater is discha^^ 
* . • ahiount delivered: depen43 uj)on the size of the pump.^The discTiJWrgdTlin^ 
; :n|!List open^hehever.; tw^ v 

bii^^ii^fte^'p and the the; 



increase over 
discharge '0|jj 
; presgfire^ 




^J^watcr^ttmp * has, a steam'' piston andf a water pistott. 

niust be 2. to 2)4 dities -larger in ari^ 'than the water " > 
del|Pfrit;is j!6s^^^ of water . 

i^fwh^e^ frppi- the boiler to operate the -v 

r^df the feed-water,f unlp is below the open f€[e|l-\ya,ter ' 
other sourpe of supply. This gives the pump a posiBRre.. 



A •recipfocailig feed-water pump will fafl to suppljr sufficient water, to 
boiler for the following rieasons: :^ • 



1... Glpsedj suction or discharged stop valveis (PossiMe,dain^ ; 
: unfless a safety r * ) ^ j ^ 

. 2. No water s in . open ^ i^ water|^if^^ ; * , .r, 

v^akeup closed or not, functioning.) . * /■ " • ^ ^^^^ 

3. SMctiori or disch^e; pum or lealditg^ (lieconditi^ ^ " . 

. , 4. wiLter plungerJ rings worn^^ a^^ 

fewi ' v . V " &«:^Mn^ valves worn or improperly set^ |llepair drire^^^^ A«^"'>9. ■ 

* ' . y^^^^i" cylirider . vapor bound. (Reduce temp«fit&e ot wat^^ to ' > ' • = 

; ivw: i ' ^ ; :V;^ All re<:iprocatirig ^pbtfips.yh^ a name plate, vvith^e™ 

- ; . : "Tfii^ name plate is most important to . jhe o.pejratin^^ The data will ' . ^ • 



2 



tell Kim the size of his pump and'^nible' him to figure out how much 



- - - .^ainndischarge^ressw^^ 

.fi^re the discharge -pressure to-be exp^ed by knowing the amount\pr~ 
. steam pressure on hand tio drive the pump. It is also pos$ible to calculate 
the gallons per muiute tha| tfie pump can discharge. , ' 



The name plate data mignt read 4 /X' 2 -X 6. The numbers are in inches 

. _ ^ and indicate the following: V - ' ,. \ . 

First number — diameter of the steam piston. i*^ • 
Second number V diameter of water piston. ' . . ' • ' ^ 

V ^ ■ ' Third number — length of the stroke , ^ 

. ■;■ ' ^ ■ \ ' ' \ . ~ . 

References^ Steam Plant Operation \ 

Elementary , Steam Power Engitieering 

Assignment: 1. * Explain the theory of operation of a reciprocating piimp. 

2. >. Why is it necessary to have\ the discharge pressure lof ^ pump higher * 
' >i than, the 'boiler pressufe? " . 1 ' 

3* What, does the pumpy ha^e pUte data, 8 X 4 X 6, mean? ' > 

.4. Two reciprocanng pu^ps haveUhe foUowing riame pla^^ 
V ;a. ■■3'X 2'X.6"v:- ; ■ \ :. \ r :■ • r y: -\'' 

■\ •■■ ] ■ . b..-3,-X.8 X 12 \ • \. . 

rWhkh would- you select as a feeWwater pump? Explain why^? ' 
5. Give all the* reasons vyhya reciprocating feed-water pump would fail 
tp supply water to a boiler, , 



Developed Total Force 



Assignment 6"E-1-M1 




1 , 



Objectives: ' 1. Be able to explain what is m^ant*by total force = total force. 

2. Be able to find the steam, pressure needed by knowing- the water 
~pre3Sur<r~develx3ped"Tvhennisin'g-tota/^^ 



3. ^Be able to find the water {)ressure "developed by knowing the steam 
pressure on hand when using ^o^tj//orce = ^o^tjZ/orce. ' 

Information": What is' total forcei This term will come up all through your studies in 
* eiigineering. It is a basic corfceptyou must-^understand. 



Total force may be defined as a sum of the forces acting in one^ direction. 
An example would-be steam pressure being applied to the surface area of. 
the head of a piston. ' ' 

PISTON-, 



> 



FORCES 



RSTON 
ROD 



The total force acting on the steam piston would then be . the ' steam 
pressure X the -area of 'the steam pis|pn ( the area being in square inch"es). 
The total force acting on the water pist'dn would be the/waterlpressure_X_^ 



the area bf the water pisto/i. 



^ fif^A OF 
r PISTON 



o 

ERIC 




PISJON 
/ ROD 



6-E-1M2 



S.S. X Steam Pressure 



Water Pressure ^, 



' 6 X 6 X lSO _ „/ J T> 

3 3 — : = Wa|er Pressure 

600 p.s.i. = Water Pressure develb'g^dc; 



Procedure: : After having studied the \ listed example ^ given, do* the following 
/ • ass ignment. ' ;,\ • ''%■. : ' , _^ _ 



A)9sj|gnml^^^ iC A reciprocating pump 4 X IVi X^6 uses steam at 200 p.si.. Find ^e 
' J pressure developed on the water side and prove your answer. 

2. A reciprocating punip 5 X 3 X 8 must develop 500 p^Sii. on the 



^discharge side. Find the* steam pressure needed 'tp run this pump, and V 
' prove your answer. * ' • ^ 

3. . A sales representative recommends a, reciprocating .pufrip;6 X 4 to 
use 250 ;p.s.i. steam. He also states that the pump will develop &00- * - 
p.s.i. on the discharge ^side. It is your - rjesponsibility . to OK .'this 
purchase. Prove that he is right or wrong* . • ^ 



^ r'-:L. : ■ ^^^^ „ • 




















^ -'7' 

.' 

V •/ 
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• • objective: , . Be able to the pumping capacity jof a teciprpcating piifrip. . 

' Information; The capacity in ^^loas per minute of any reci pr pcating pump can be 
found by using .th^ following formula:^ ' ' 

■. ■ ^ - ■ ' ■ ' ' * ' , • ■ ^. ■ - ' ■ y ' 

■ " 'where: ' ^ ' ' . - ■ 

- ~" * . f . ■ ■ . . ■ • . 

■J G. P.M. = Gallons per minute \ * • ?;; 

L = length ^of the stroke pf the piston as found on the data plate 
A y Area of the piston in square inches ^ • ♦ 

= Number of itrpkes'per minute ' ■ . . ^ 
- efficiency of \he piimp ^ , . 

/ . ' ... • J ' * ' " 

If we /multiply the length of the strokf times the area of piston^ it. will 
give us the number of cubic inches of displacement in the cylinder. 

. . Cubic Inc|ies =^ L X A' \ ^ 

The number of times tHe cylinder is cleared^ per rnS|iute times the x^ibic 
* inches would give us .the total cubic incKes displaced per^rrtinute. 

Cubic Inches Per Minutei= L X A- X N. • 

We know that 6ur pump is' not 100% efficiejiijt; therefore it will disch^ge 
only a percentage (E) of' its theoretical capacity. ^ . ' 



■/I 



Actual Cubic Inches Per Minute = L X'A X |^ X E. 



There ►are ^31 cubic inches i^n a gallon. Using this fact, we qsLh convert our 



. . 0 iM ^ • / ^ ^ cubic inches per minute intp. gallons per minute. . . 'nl 



G.p.M.= - .■. 



Example 1: : A double-acting,- simplex reciprocating pump i$ 7/8 fuU on each strbke, \ ^ 

'■•■^ the gallons per muiute di^arged^when the pump runs at 120 strokes per 

mimite./" ' ' - ■^■'^''1^ ' \ ' ' ' 

• ■ •■ ' ; ' rPM L X A X N X E - * . \ > 
— GdfVM— — ^ .231 ; . .. .... ; .; • ■ ' ■ 

\ ' • E ■ ^\ 7/8 =: .875 ; v.- ; ' . - ■ . , ■ 

. . .' 'my xM 8 X .7854'X 4 X 4 X 120 X ,875 Ac\n^ V 

■■ ' ■ * ■ * ■,' ' -' * ^^ ■■ ■ •■ ^ 

Example. 2: . Fintjj^the gallons per minute discharged from a pump making 50 strokes 

..' ♦ : > minute*. The name plate data shows 8 X 10 X 12, and the pump has an ; 

' ; efficiency of 80%. . / . . ' / . :" v ^ 

^xv^;. / L'X,A xn xe 1 v .« . 

G.P.M.r;r 231 i 

■ ■ ■ ■ T \ : , •■ ■,''l.=:::,:.12"' - ^ ^ . ' : ' ' ;^ V 

.A = .7854 X 16 X 10 . • 

* ^ :. ' . 50-- ,^ ^- - ■ 

■ - ■: ■ ■ - * • ■ ■. ' . ■ ■ I'. ,'. ' ' ■ ^ : 

i ' . r. T<KA 12 X.7854 X 10 X\lO X 50 X 80-: ^ 



References: Steam Plant Operation, ^ 



Assignment: s% A simplex .pump has a piston diameter of 12 inches, a^stroke of^l4 
> ' inches^, and operates at 100 strokes pd^ minute. What is the discharge 
\ ^ ;w • in giallolis per minute if the pura^ is ^80% efficient? . • 

- - ' -v-2. A duplex pump, 1 2 X-*l 6 X 1 8, makes 80 'strokes per minute. -With 
^ ' , . ^75% efficiency, ho W .many gallons can this .^iinrip discharge in a 

/ *\ «• minute? In^an hour? / , * , . ' 

3. A^ duplex pilmp, .3 X 2 K 3, with 75 . strokes ♦ per minute, lias an 
* * V ' efficiency of 759^v^Find the galloris per minute and the gallons per* 
. ' V hour. ' ^ ^ ; - • . .\ * / 

... L ^ ^"^P^^^ gunip l^as a cylinder diameter of 6 inchfes and a stroke of 

■ .10 inches. It makes ^32" strokes . a minutjj(^ and the cylinder is 5/8 full 

V - ' ' . ^ each stroke. How m 

> o.. Hpw .many galk^ per hour will be pumped by a duplex pump haying 

^ V C ^^a^^^ steam cylinder with a stroke of 16", and an operating 

. .. - * speed of 55 strokes per niiniite/It has<an effitiehcy of 80%.^. 
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objectives^ L Be al>lf to describe how a centrifugal pump works. i /~ 
2. Be able to list the advantages, and disadvantages of centrifugal pumps 

^ ,.for boiler feed-water service* : - 

» 3. Be able to select a centrifugal pump for boiler feed-water service. 
' ^ * * c ■ " ■ ^ ■. ■. • ' . 

Information: To understand how a centrifugal pump functions^ Igt's r^ 

\ information from last yeaf. The impeller is the rotating element in a 
centrifugal pump through which liquid; passes and acquires energy. The 
casing or housing. surrounding the impeller causes, th^e liquid to flow from 
the' pump in a controlled manner. As the Jiqiiid. passes into the rotating 
impeller, the kinetic energy overcomes th^ potential energy and gives it 
* centrifugal forte/ Once the liquid i^f thrown from the impeller, the casing 
guides the liquid "to its destinatiori. The result is a workable pump for 
imparting energy, to' a^ liquid .at one ppint which causes it to move to 
another point. ^ ^ 



A" centrifugal' pump for boiler feed-water service has to meet certain 
conditions f8r pressure anH: volume. It 'is recommended^ that a boiler 
feed-watei: p'ump , sltoulil have the capacity to deliver'^ two tirftes the 

imum 




maximurn steamjng capacity of. the boiler it is* supplying at the 
allorwable working 'pressure of the'boiler. • 

According/to the N.J. Pressure Vessel Code, if a solid fuel is bjeing used on 
the boiler, it is then necessary to have two ways of supplying feed-water 
to the boiler, one of which must be with a steam drive. % 




Ther(? are a number pf advantages and disadvanta ges in using centrifu gal 
pumps for feed-water service. They may be listed as follows: ;^ 



"... Advantages 

1. Can bie used ef fee tivel)?' with in4ine^ feed-water regulators. 

2. Variable drive — electric motor or steam turbine; 

3. Reliable "J ^ 

4. Fewer moving parts , • 

5. Adaptable for on^ijjtf operation 

6. Fairly constant efficiency over long running periods. 

7. Capable of handling high pressure and large capacities. 



Disadvantages 

4;y===HighIy;::skiUed^Drkers=need 



* 



2. Need chieckinginore frequently because of i^Jhigh.spiefed,:^^^^^^^^^ _ 

3. Loss of ejficiency* on high or low loads. 



As you can readily see, the advantages art-greater than the ^disadvantages. 



That: is why centrifugal pumps are so 'Widely used^: as feed*water pumps 
today...' •.. ■■ _ ■ - . ^ 



References: Steam pfant Operation . '^...^ , ' \ ' " . ' 

^ ^lementary Ste&m Plant Engineeripg \ ^. ' 

Assignment: ' 1. "^How does a centrifugal pump work?. . ^ 

1 2. \yhat^ fetors would you consider if 'you were selecting a new 

, feediwater pump? , ' . ^ , 

^ 3. Name the parts of a centrifugal^pump. ^ . . ^ » 

' . 4. State the advantages and disadvantages of using centrifugal pumpsTviik . 




: (>ntrifugd Pl^pp Hjeacl . ^ ^ ^ . Assignment 6-E^2-Ml 

. . ^^5^ ^ ; = ■ ^ ; . ^ r — ^ [ 

; , , CAjcctives: 1. Be able define the termsf suction lift or suction head, discharge 

" head, and mction iead. 

: ^ 2. Be able to calc^tevthe total head on a cei^fugd 

™^ ^ . ^ X Be "able tO'tonvert foorh^ad tp po - 

J Information:^ The distance that:^;:ijvater ^ raised (vertical lift) by a centrifugal pump 

't-' ^ is limited. The theoretical lift is approximately 34 feet and changes with 

the atmospheric pressure.. When the atmospheric pressure is 14.7 p.s.i. 

(equivalent to about -SO'Von a b^ . • 

^ ' * . \, ■ ■ ■ \ ■ '0. . ' ■ 

t . i4.7p.s.^^.43|£^ 

• . This is ^ not possible ij[i practice* since leaks in the suction line, pacljing 
^ : : ^ . J. - - ^ glands; etc. redu^ the^lactud Uft to approximately 24 feet. In fact it ^m 
: > , go as low as 10 to 15 feet because of friction loss in the suctioln line. 

^ • ■• " .' : \ -^^ ' ' ■■' ■ ■ ' ■ :,. ^ ' 

. Suction lift is jhe . vertlcd distaiice iirom . the level of the water being 

# * pumped to the center line of pump. Suction head is the vertical distance 

: , '■'^i'^J^ : ']. center line of the pump to. the surface of the water above the 

, :/pumip. Both si^ctioin lift aiid*^^ suction^ head are illustrated in Figure 
'/r^'' 6-E.2-M-i-l. ' / ' . ■ . ' 

. The di§61iarge head is the vertical "distance betAveen the center line of the 
. pump andvthe Jevel of the water above the pump, Friction head is a loss 
^ " : caused by' the ifrictiori -pf the- wa^^ valves, and-fittings. The . 

total head in feet against which a purhp dperata^p equals: 

1.. Suction Lift + Discharge Head /f Frictidn Head 



or 



7% 



2. Discharge Head -f^Friction Head + Suction Head 



~^"In No: 1/lhe pump; ha^^^ the water level is above, 

the center line of' the pump. • 



^ -y''' ■ Example 1: In figure 6-E-2-M-1-2, the suction lift of a pump is 15 ft; it discharges - 
. \ intjp >a tank 40 ft. above the center line of the pump against frict ion hdat 

\ . of 17 ft. Find the total head of the pump. ™^ '~~[ ^ 



. ■ ' T.*Hf^ l5 + 40 -b 17 
; . . • ^;. ■ . -T.-H.-= 72 ft. •;■ 



" ' ■ 184 

A ■ '. ;^-^A ' ' 2:05 



■\. 



Exairii)le 2: Suction Head = 35 Ft. 

V ' DischW^e Hea^ - 40 Ft. 
4: ^ Friction Head = 17 Ft. — 

• ^ * Find total head pn» the p^ap.. 



T. H. = D. H. + F. H. - S. H. 

T. H. = 40 + 17 - '35^ 
T. H. = 22 Ft. - 



J 



\ 



■ Example 3: Figure 6-E-2-M-1-3, the^jsuqrion heid' of a pump^is 35 ft; it discha^es" 
into a pressure ve^el 40 ft. above the center :line of tlie pump against & 
. ^ ' friction head of 17' ft. with a pressiure in the vessel of/ 30 p.s.i- Find the' 

total head on the pump;^. .,.:,,.,■•....,.::/: .■.. '. .1 , . . . ^. . , 

T. H. = D. H. + F? H. - S. H. / 
■ • T. H. = (40 + 30/.433) + 17- Ssl | " . , 

. T.H/= 40 + 69 + i7- 35 fir 



l*^ote: To qonvert pounds per square inch to foot head'^^yide by 
■^433'p.s.i./ft. -■ ■ ■■<:'. ■ ■; ' ^'If-^'.-- W'^h'^'-':'. 



References: Steam Plant Operation 

Elementary Steam Power Engineering 



Assignment: 1. Find the total head on a pump with a suction lift of 12 feet, a 
discharge head of 50 feet, and a friction^^ head of 10 feet. - 

2. . A fire [fump has to ffll a tank 25Ci^lFeet above the pump. The loss due 
• to friction is 25 feet, and, the pUmp takes its suction from a city 

^ '¥ water main with a pressure 35 p.s.i. What is [the total head on the 

' • >- pump? :. ' - . -l:, ■ ■ ^ . . ^ :^ t, 

3. A boiler operates at 100 p.s.i. steam pressure' and is supplied with 
' ^ feed-water from a feedrwater heater that has an internal pressure of 10 

p.s.i. The boiler is located 30 feet above the p^mp, and the heater is" 
45 feet above the pump. Neglecting friction, what is the total head on 
^ • the .pump? ' \ 
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Injector 



/ 



■ Assignment 6-E^3 



Objectives: 



\ 



Be able to describe the purpois^, locatio^', and types of injector. 
Be able tb describe how an injector oQfrates. . ^ 

Be able, to describe the reasons for injector failurei'^^ 

able to explain the fireman's^esponsibility regarding feed-water 
injectors. , 



1. 
2. 
3. 
4. 




. A feed-water injector is an auxilia^ or secondary means of feeding watc; 

: :ito a bpiler. The package type fire.tube boiler usuiHly comes equipped* with 
injector and an electric feed-water pump. The injector is not considered 

; "^ an efficient means of feeding a boilfer M^th water. It cannot handle hot 

\ water. The maximum watej?4 is* 130**? to 150**F. After 150**F 

it wUl become steam bounfS. It caii lift water a maximum of 20 feet under 
the best conditions. It ^also tends to kick out under a fluctuating steam 
load.. 



/ 



The injector shouM be placed close to the i boiler it is feeding, and the 
steam line to the/mjector should come from as High a part of the boiler as 
possible to insmfe dry steam. 

.The injectof^works pn the pri^ that Jdnetic energy is greater than 
potential. -!;«iergy. Steaiti passing through a nozzle "drops in pressure, 

^'fexpandsj/and increases in velocity- It picks up Ife water ,%nd the velocity 
or.kinexic enetgy forces open the check valve discharging the water into 
the l^oiler. ' ' ^ 

■ /\ • : ■ . ^ . ■ ,;■ 

Inhere are many types of injectors. Low-pressure injectors are use^ for 
/steam up to 40 pounds pressure, and high-pressure injectors are used for 
pressures over 40 pounds. There are single-tube and double-tube injectors. 
Injectors are mostly, found on firetube boilers, but they can be 4ised 
oi^smaller watertube boilers. 

v.- - . . ' ■ ■ .. .. 

It is the fireman's responsibility not only to know where the injector is , 
located in this plant; but he must also use it periodic^y to insure its 
operation in the event of an emergency. - , • ^ 



If the injector is being rfed by city water, there -must be a check valve 
placed between 'it and the city water meter. This 'will prevent the meter 
from being damaged and the city water from being coiitaminated in' the 
^event=the^injector=kicks^out=^nd=the-steam-tries=^ 
water line. ^ 
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Forcing fub0^ 




l€vier hahiih : :; 



Main tftath:¥ahfe \ 

main av^r^h^ v 
vai¥€ 



¥aive ' . 



Wafer suction 

FEEDWATER INJECTOR 
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> ^ : ^ ' ' . Assignment 7^-1 

■ ■ ■ .. -m ■ > ,: -..\*^' -;;, ,f 

1. Be able to explain ' wh planning and design h^gsential fo^ 
bailer. rbdinfi piping;:^' ' :-\ i!;- 

2. Be able to explain| jh^bw and why steam lines aure pitched. \^ : * . 

3. Be able to pxplairil why we allow for expansion st^r^es in steam lines. 

■ ''. ■■ . V''. "■ ' ■ v ,v:;a:'.' ^ . ■■'/'.■■vi'-,'" 

The s'uccessful and eci^iiioniical operation oiP a steam power pl^^ 
to a( large extent, uppifi the 'general arrangement df'the piping system.^v ; 
Every er^;ineei/ or fit|m^ in steam power plant work should be: familiar 
with the general requven^eiits.^ well-designedVpiping system. Before any 
steam apparatus can ;,i)^v',i^^ and wa^er pipijrig systems • 

. should be worked -jpu| ia^ det2^ separators, valves, £|ttii]^s, drip legs; .. 
etc. should be drawn^i^p^ s^ respective positions. V . 

be^ located - in accessiBi| p^|s|ti6ns wlijere- it is^ppssible- to :Te^^ ^ 
hurry.* Jniportant yalves/plice4 overhead or in maccessible pp^itidns' should\ : 
be ecjiiippe^d^'w and;.cKaih, ^6r a 

; eitehsibn stems! The.st||mi|J^^^ • 
■" with a goad^ade of no|LtC^<^^ Watier is still 

likdy to accumulate , in rj:he;^syst em due < to coiideitisatioh . Tlieref ore , the ; 
' piping should contain ho 'ppck^^ in wl&^h 

^The condensed wafer should b^^^^^ ^D^yjrstem of steam traps \ ; 

io the boiler or feed-wjifter heater. Waiter in ^;he. pteanx^ 
source /of danger. An accuinidaripn 6f 

flow of stean^ and projeciei-yiath g^^^ valve 
; or' shar|^^ beila^^in the stearh line; This could" lead to a rupture pr wat^ 
being carnled cp^r to the engineVpylinder by the flpwm > 
know thdJt^ wafer cinnot be cpmpr^^ 

might qau^e a blpwn ^ask^ti^^ p^^^^^^^ head. It is. always*; 

.advisable to install a steam; separator in the line before the eqgine: throttle. 
This will intercept any slugs^^pf '^^iabter »as well as 'provide i^reservoir, of ; 
. sfeain ;close^t4'*the engine. It witt absorb the shaking iand jarring causcid by^ 
the quick c^tbff in the stqam chest;^^^^^ ^ 1 . 

Horizontal steam pipes should always be pitched in. the direction'-pf flow." ' 
The water in the lines due to condensation pr carryover will ^flow with and .;> 
• not against the direction pf flpw condensation flows^ 

a^lnst the flow bf steam, water hammer lls.likely-to 6ccur.j|rhis is wh) 
steam liheis .should not be ^c^uried at a'slope from'a lower to a higher le^ 
; The steai^? line should rise vertically' to-, the desired height and theii 
-l^^o rizontally^-ti^t heLdes i ^^ 
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horizontal, pipe in the direction of steam. -flow. Dri traps should 

be installed iat the bast of verl^ciJ risers *to drain ^^p^^ since the^y 

would, tend to? collect there and bfe carried over, itito ;the branch lines with' 
the first heavy:flow of steam, r ' ^ 

.* Onless^ fJrriUy;- anchored, the mam steam header is*subj[ccted to a change in 
position^ due i tci expansi&Q and contraction Sti^s'iin vthe . niain 'Steam 
header and thie branch lines leading to and from jt. jn steam lines of any 
length, provision shofild We made" to relieve expansion and . coo'ftaction; 
strains.; Ofhet^i^e, leakage may take place and ruptur^ may be caused at 
the.weakest pbint in the main. An expansion bend of long radius: should 
be instaUed ui lthe line b'etweei} the fi^ gqints where a pipe ,line^ 
alnchored at aii^. two points.. j," ^^^^ -^^^^-Nv * • 

No. specif nde can be given for the g^eral an'aiigement of steam lines in 
a. steam ppweir plant since the conditions tpfb^ rnet vjuy greatly^ 
. m^ns ishouldlbe carried a^^ directly as possible. Tke^ p^^^ 
as few joints i as possible; it should be designee!.' to "perimt;^«p beirii^ 
made to aujy shutting down the wh0e<plant.'11i6 

systei^^jioiila be protected by valves arranged so that any disabled branb^ 
of i^^^i^li^ may' be^G : ' * ' » . ■ ' 

In tlie lessons that fpllow, W&iwill disctiss the, location, purpose, and types ' 
•■■of equipment.: v"^'',;'y''.'-;-- ^> ■ \ ' 

V :r "■ • '^'- y ■ ' ■"■V. -/"-' - "» ... 

Steam Plant operation a ■ ^ . • ■■ - V • ^ . 
.Elementary ^eam Power Engine&in^^ 

Boiler Room (^estions and Answers ' • . : 

M. List five requirements of a weJl-designed ^ 

2. What three methodise 'Used to allo^y fqr exjpansion iri'a:.sfl^am line? 

3. List three grades of steel pipe. 

'4. Whatvis insulation?^ ' r • , ' V 

5. - List some materials used for insulition purposes. .* 

6. How should overhead valves be installed? 

7. How should hdrizonlal .steam lines be pitched? ' ^ ' 

8. Why are water pockets in a steam. Ifiie dangerous? 

9. How is the condensate removed from, steam lines? i 




Expansion of Pipe Lines . ^ ' Assignment -Ml 

Objectives: 1.* Be able to explain why expansion must be allowed for In pipe lines. ' ' 
:i f^": 4* 2. Bfe able to calculate . the amount o^ expansion that wiB take place, in the lihes. 

^T^-: : 4- ' . . ■■ ./'..- ' ^ ■■■.■^i ■ ■ . 

Information: When water, steam, or gas at high temperatures is carried by pipes, proper ' ^ ' 
provision must be made for r<^ansion and flexibility. With theViise of 



/ I . ^ : ' ' ' . increased Jepperatures and preissu^^&f^e stresses and reactions caused by • 
V r\ ' • '/ ' . - thermal expansion, in pipinjg his increased^ the attention given td det^s 1 



I • , * . and niethods of design. 

' . ' •■ . ... • ■ ....... .. . • . ■., ;.■ ,. . . .v.;. ,. . 

r ^ The expansiori between pipe lines cafi be taken up by expansion joints, 

%: . . swing joints, and pipe bends. The -number of expansion joints installed.in y 

^ / - pipe line depend on: T . W .. .. = " . 



2. The: aorijbunt of ^^T^P^^^gp^j^^?^^^ 
The amount of ^l^ansion in -pipii5|pC|pi^J&S|^^^^ M^hich. v^;* 



the piping is mad(|; and the diln^^^^M^fe 

when hot \ and; WTOn^cold. The ^aih^^^sFexpa^^ be 
calculated by .theTd|o4ving fonnida ' . 




E;cpan^iol('^?a^ -^T^) X 1 2 , ' 

L = Lengjth Jj^i^pipe in feet , . ^ ' ;. - 
sy" C = Cpefficiirft of linear expahsidn per inch of length per degree' 



/ ; / \ L = Lengjth Jj^i^pipe in feet^ 




F 



;; V; i : Ti = Final tepip^i:^ 

: ^ . ' = Initial tem^^ri^^^ • a .' 

/ \ Coefficient, of linear exjpdn^ per: inch for: . 



'Bronze . '= ';O0OOaiil . ■ "-^ ' . r / 



: . Wrought jTon = :q0p()O68 ' ■ 

\ ^' . - Sted- ' ^ ; = .0000067. [ " ' .■■::>..^.-: --^ 

Cast Iron . V = .0600065> ^ 

Example: " A steel pipe 293' long carries steam at 190 p>s.i.a. and is superheated to 
J.A5_LFr Ei^nd^t^^^ of tjxpansipn when heated, from a 



r^om^tempefatute. of 80°F. 
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Exps^sioh in inches = I- X C X(Ti— Tj). X 12 

^293 X . 00000^7 X (502.$,- 80) X 12 

■ ■■• ■■■■■ ■ ■■ ■ ■■• -■■ '■ . ■ :.: ■•• ;■• ■■ / . • .v;;. ■ 

ve: Temp, of steam at 190 p^.i.a; = 377.6 .■"■W* 
.^377^6 + temp. |of superheat 125 = 502.6.=^^ 9.95 inches 
/ ^\ • . ■ ' . .■ ' 

iot/i If temperature of steam- is not given, check steam tables. 
Remembeir it is absolute pressure. ^ . 

' Boiler Room Questions and Answers ^ . . ' 
Elementary Steam "^qwer Plant Engineering 



* 2 
•3 

« 

4. 



^7. 



. . A cast I iron pipe' 175' long carries steam at 100 p4^|a.' and is being 
heated from a room temperature of 75?F. Find the amountJbf 
expansion. , . ' v ; 

, ^ A steel pipe 300' long carries 500 p.s.i.a! arid is sj^)erheateU t^ 
Jt^ind ^JlS amount off expansion from an outside tehxp&ra^ of ^O-E; \ 
>yhat w^uld be tbe amouirf^'of expi^Ssion in a -stcfel steam pipe :3 50' 
long if ' the, Toom tempjeratura is 9!p**F arid tfie 155* 

A steairi pipe* of wcoiightf^ iron is 155' 
. 285" pjs.i. The putsidie|:;tempferati^ of 
■ exp^njiio.n'i / ' ; ;■ -.■-C-''-. \- ■ ' ' • 

What is the amount qf expans^^ 
carrying 195®Rwater:m temj^ture o£^^^ 

What is ; the Sipunt 

^^^1^^ p*s4ia.f steam with^^^ rodrii temfferature of 85; F. 
A steel|Pldeirtftmes 250! p»s.i.a. and is -superheated to 18i5?F. It is, 
80' long and the bi^iler room temperature is 80**F in .th^ winter^and 
ISQ'^Fin 



/^e. simmer. ' i 
Find: a. Expansion in stitnmer. 
^ b. Expansion uvwmter. 



• ft*"* 
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Main Steam and 'Automatic Non«Renirn VaJyes . Assignment 7-B-l 

) . * Objectives? 1. *Be able to locate and to explain the purpose of the main s^am stop 

and automatic non -return valves. 
2. Be able to ekplain the fireman's responsibility toward the main stop 



* ; and automatic nDn-retum-yalves. 



Infomiition: The A.S.M.E. . Code states that high-pressure boilers in battery that are 
,^ - equipped jyith manhole xjpeninjgs must have tv^ main steam stop valves 

^ with an ample free-blowing draia . Ijetw them. It further states that ■ 

;these valves should be -of the CT S.'& - Y^type that "wfl show by ' the;;^"* 
. . / / position of its spindle whether it fs open or closed. The valve should 1^ a 

* - . gate valve since it offers no resistance to the flow of s^^ 

always be wide open or completely closfed. You irfay use ah automatic 
" , non-return valve in place of" a one-stop yalve,y:bt»t it must be ioc^ted as 

: ■ close to the sheU of the boiler as prac?tical. The m 

place, a boiler in service or « isolate it frppi^he system for dejmihg/ ? 
» - / . * J-^ inspection, or feoiier repairs. The automatic non-return valves improve the 
, safety, and more" efficient operation of .the plant/ It can cut a boiler in bfi 
the Une automat^^ 

;~ --'v ^ ^he pressure .side of any bpiler on the line. If a bbiler, dropped some tubes : 
• and the pressure . in the boiler drop pressure, the 

" • ' r .non-return valve would close taking, the" boiler off tlie line ^ 

' Steam- from baqjdiig^^^^ 

; , * ' ' the automatic* ribn-return valye should inspected, and 

* ^: s overfiauled annually. M' v . ' . * i 

^ • In ord^^to cut a boiler in pn'a line that., is equipped 'wth :^ automatic . 

. non-return valve, you would proceed as follows:' ' * 

W ' J. Aft^r making all necessary safety checks and warming up the 

boiler, slojwly, you would open the -bypaS^ around the main steam 
^ . stop valve to warm up valve -and equalize pressure on both%des ' 

' of valve. See Figure 7-B-l-l. ' * . 

^ ,2.- when you have about 85% of the line pressure on the incoming 
V. V . boiler, slowly open main steam stop valve. * 

3. Open free-blowing drain to ^ remove any condensate trapped 
between the two valves. . « ' *' 

.4. Open automatic non-return valve. 
5. SFowly ' bring lip pressure /of incoming boiler- tA line pressure, and 
let automatic non-return Valve cut; boiler in on line. 



to open when th| pressure of. the incoming boiler is one pound 
highei; than line pressure. • • • _ 

'■ > , - ^ 
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References: 



Assignment: 



If you had two han4<>perateJyalve§,, you would foUow 1, 2, and 3; 
then when pressure of incoming boiler was about, 5 pounds below header " 
pressure, you would slowjj^rack open mdin stop valve: closest to the shell 
of the boiler. The header pressure, being a little hi^h^p than the incoming 
boiler pressure, would forc^ any trapped condensate in the line back into 
the boiler; it also prevents carryoyer. • 

A. SM.E: Code, Section } ' - * 

Steam Plant Operation ( 

Elementary Steam Power Engineering ■ ' ' 




1. 
2. 
3. 

•4. 

l5: 

.6- 

.7. 



- 8.V 



List the number of valves required on the boiler nl£n steam line". 
Whatsis meant by an O.S. & Y.^ 

V/Jiy are gate valvos recommended for i?Uin steam stop valves? 
\Yhere must the automatic non-rett^ / 
What purpose does ih&'bypass valve around the main stop valve serve? 
What is the friction d£*^^^ 

Describe in "detail how you would cut a boiler in pri the line if it were 
equipped with an automatic non-return valve. . - 
if your boiler we^re equipped with two hand-operated m^ain steam ^top 
valves, , and you were ctltting the boiler in on' the line, would you opien 
the stop valve when the boiler was equal to, less than, or gre^^ter than 



lini 



e pressure?; why 5 
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Pressure Reguiator 



Assignment 7-I^^2 



Objectives: 



1. Be able fo loiate a^d to explaia the purpose o£ pressure tiguk^^ 

2. Be able to Q^i/phm how a pressure regulator functions':^ : 



Information; In ^the modem industrial' plant-cC there i^^ Qontinuing demand for- 

higher steam prp^^sj^res to run prime movers at greater Efficiencies. Steam 
. plant auxiliaries and^eating systems do not need this high-pressfUre steam 

Nfrom the main headers, so steam pressure reducin^yalyes are used to lower 
— it. The basic regulator consists of a balanced valve f*^ith . a diaphragm 

attached to a stem. A spring under tension opens the valve ^ and ste^m 
' pressure >.on the' diaphragm from the down stream side of thie valve tend^ 
to close it. See Figure 7-B-2-1. ; ^ : 

Good practice^ dictates that whenever ^ pressure redudng vialye/ is^^^ 
stop vajves said' A bypass valve should be used in cbnjunctiph with St^I^^ 
" ^ ^ ig^v is to prwent a^ the sys^tem in the event of regmatdrr^ 

Steam that is reduce!^ through a reducing ydve^^ A^ 

'''P' \ ' superheated steam on ^he low-pressure side. ■ \\ -j:::-':-:--- 



References: Steam Plant Operation . 

/ Blementcny Steam Power Engineering 



Assignment: 



1^ What is the purpose of a pressure-reg^lating^ valve? \ i V . 

2. .Where would you expect. to u^e a reducing valve;? 

3. " Explain in your own words how a pressure regulator ^^perateak^ * 

4. Why do you think the steam after the regulator is superheatea? 



t . 4.' 



■ ' -■■ ■ . 'i^- . ■ 4/."' rV / 



DIAPHRAGM 



.5 , *t ■'r^c'"<J' ^ 



SPRING 
: PRESSURE 



100 PSI 



60 





UP STREAM SIDE 
. HIGH' PRESSURE 



CONTROL 

VALVE^: 



40 PSI 



DOWN STREAM SIDE 



SCHEMATIC PRESSURE REDUCING VALVE 
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objectives: * 1. Be able to locate and to explain the purpose of steam traps. 
^ 2. Be able to explain the importance o|^^^^ m 



Information: A ^team trap/ is aij^.autqiparic' di^^ thfe- overall 

efficiency j3f ypur plant by* removing air and water from vthe steam liries : 
without the logs of steam. As, ycTa already know, it takes one pou 
lnakFlMie~pound^*'o^ 



water to"^ 

starts to condense\or turn back inte^^water. This water mus? be removed 
from the steam linesv because it causes wa^Et hammer and could pick this ' 
water up. ^wHen|||e \team line dead ends or makes a 90*^ turn, it could 
slam the water against \he line' ^d could; bl^^ the line out. A steam, ^ap 
that is stuck closed willMead tq a water-lo^ed 1^ steam trap that^is 
stuck open will cause ste^ to blow through. If steain were aHbwed .to' 
enter your return lines, it ooiild result in a loss: of plant efficiency. -» 
boilersv could be WQjrking harder and the feed-wa^^^^^^ 
steam bound. • • , 



References: 



Assignment: 



Steam traps are often neglected in both high-and low-pressure plants. Set '//,,., 
up ia mdntehMce schedule to check each trap for 

regular intervals. Thie-stxiam^ before traps niii^^^ kept clean to. , 

insyjre proper trao^operatioh. Traps wifl be found on your main headers, . 
oil main branch^nes, and wherever a steam line ma|ps a 90® tiini rf^^^ 
up and^ piece of equipment that uses the heat of steam for hek^ng 

ot proems work. Know where the traps are jocated in your plant. Maintai^^ 
them, and niake them work for you. They can save you time and money.# 

Steam Plant Operation 
Elementary Steam Power Engineering 
Boiler Room Questions and l^nswers 



What is the piirgose of a steam trap? 

List, at, Ic?^^^ 

them briefly. . ^ . 

Where are ste^ traps located in a boiler room? 
What do- Ave mean by a non-return trap? 
what do we mean by a return trap? 
M^atf-is a steam strainer? 

why is a steam strainer, used in conjunction with a steam trap? , 
Whjre would a steam strainer be located in a steam line? 
|9; WJiat effects would a steam trap stuck open have on a system? 
10; What effects would a steani'trap stuck closed have on a system? 



3. 

;4. 

5; 

7. 



Steam and Exhaust Separators j - - . Assignment 7-D-l 



"ObjectivesTT explairi the purpose pf steain and-^exHauist 0^ 

.separators*. . ' ;• ' '■: - ; • 

-2. Be able to explain the operator's respdhrf^ 

Infonnationr Ste^ .separators^ ^re found in the steani and water drums of some 

watertube .boilere and on'steam linps. They all work on the. same:^basic . - 
"^principle of changing the direction of flow of the. steam causing the^f V 
^^~~Keavier particles of water to settle out. /Hie purjposes of live steam 
^ep^ation are: " * 

1. To- consapre the energy of the ste^ / * 

^ \ 2. Tb pre^ ^ 

- a . present with the steam supply. ^ . v . / ; ^ 

« 3- To prevent impairment of engine lubrication by wet steam. 

4* To protect vdvesv pistonsv and cylinders of r^^^ ^ 
and the blades and buckets of tiurbines from the erosive action of 

--f«=«i. wet steam. ' ^^-r-^.v' 

The receiver separator is used mainly in plaSit^Ajiang reciprocating engines. 
It differs from a live isteam separator because it has a large wefl. The weU ^^^^ 
serves both as a recegtacle to hold water that is extt^ ^ " . * " 

^ ^ * ' and as a reservoir to store a volume of stes^ 

storage capacity of a^receiver separator serves three purposes: 

. 1- Prevents vibration due to cutpffl 

* 2. Prevents pressure drop from boiler- to engine. 
- "^3. Prevents danger of slugs of water entering engine. ^ . «; 

_._An- exhaust~separator, also.referred to as an oil separator, is found on the 

- ■ ^ exhaust line in plants using' reciprocating 'engines and pumps. : . . 

The purpose of an . exhaust separator is -to remove any oil in^^^^^^t^^^ 
steam. This steaim may now be used in heating systems or disch .■ 
to the/ feed-water heater or even the atmosphere. "The out gets mtq, the 
exhaust steam as a result of qyj^der oil being introduced ^into^ t^ 
chest of both engines and pumps. All separators work on the principle - 
that changing th^ direction of flow of (team will cause water to oil to ^ ^ ^^^^^^^^^^^^^ > 
^ drop outf it should beinoted that the water fron^ • • 

a receiver separator is trlpj^ed and returned to~ the feed-water system to be * 
reused. The ^oil from an ^exnadst'sepafator^g^ 
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. Remember, a trap traps steam, and allows water afid air to pass througH'.. A' 
separator traps 'water and JI9WS steam to pass through .^,^ey both work 
automaiicallyV and the^ both increase overall efficiency of the plant. The' 
operating engineer should, keep a close watch on. the separators in his 
plant. They are usually equipped with ?i s^^^ If the tjap on the 

separator/ is r^ot functioning, the sejpiurator will bcfcome^WliI^^^ 

.your equipment will-wffen^riou ■ . ~' 



XcfcTcnces: ' Steam PUmt Operation * ^ '.'^ 

-Elemenfary-SieamPower Engineering-^ — - 



: • Boiler Room Questions arid Answers 

' . • ■ ^ ,» ■ . .. . • . ■ .r - ■ ■• • ■ " ■ ■ 

Assignn^fent: 1. What is the purpose of a live steam sep^ator? 
' 2. Where are steam separators located? 

3. ' List iwo types of steam separators, and describe how each type works. 
- 4. * List the four chief purposes of live steam separation^ . 

5. What percentage of entrained moisture does the steam delivered by a 
boiler without a superheating siu^ace ordinsMy^c^^ 
. 6. What is a receiver separator, and where is it fou^^ 

7. List three functions performed by a receiver separator. . * 

8. What is an exhaij'st separatW, and where is it found? 

%v 9. ijat the mdri purposes 'of an exhaust s^ ^ 

- 10. What danger is there in carrying slugs of watefr.ai?e]^ into a steam line ^ 
' / : to the following equipment: » : \ 1/ 

; a. Steam header 
^ b/ Reciprocating-engine ' \ 

' 1 C Turbine ' ' 
^ d. Reciprocating pump , ^^^^ ' 

e. Genjrifugal pump ,- electric drive ' ^ . 
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'A^ bbjectiye: 1. Be <^ble tb calcidate the efficiency 

* >^ Informadon: We can use the foUovrfng fornriula to find the percent efficiency , of a live 

' \ Steam separator: , . .. 

: . _ 



% > 



* where: 



E . = Per cent efficiency 
Ww = Weight of sepairated water in pounds 



II , . Wij^ = Weight offhioisture, in 'pWndsr m 

dielivered to the separator as determyied by calorimeter. • 

' Example: steam flow meter records a flow of 16 >273 pounds of steam. Thfe 
\ / . ^ quality ' of the steam is 94.5%. T^e weight of 

' ' ' pounds. What is the efficiency of the separator? 

Solution: <: E = ^ 

_ r , > Wr = 16273 X (l --^ 

5 v t 100 X 530 ^ • . 

V ■■• ' ■■^E■Jr59.2% -^^^^^^^^^^ -^^ '/^V -/■•■/fe 

. Alignment:' Using the formula above, solyie the following problems: ; ; 

J. 1- Steam passing to a 'separatbr has a quality of 93%. If 5600 pounds 

• / l^* - ' pass per hour and the separator coUects 285|pbunds 9f water/ 

, the efficiency of the separator? ^'s^' ^^r^-^-^-^-^^ - . ^ 

. ■^r^-...^ 7- 2. The steam flow .meter records a flow of^bjOOQ 

hour. The qudity of the steam is 97%. The weight is 340 pounds. 
V, What is the efficiency of the separator? ^^^^^ 

3. The steam flow meter records a inow ofsi6,27 
quality cxf the steam is ,94.5%. The separator is said' to be 59.2% 
i 

--■■':steam? " '.j^::- ■ \ , 

4. Steam passing to a separatoi: has a quality of 93%. The' separator is^^ 
passing 5600 pounds , of steam per hour. The efficiency of the 
separat6r is 72r.'7%. How many 

5. A steam separatot is said ;|o Be 59.2% effiti^nt. The quality of the 
steam is 94.5%. The weigtt /)f the sep^ated^eam is 530 pounds. 
How many pounds of steam will pass the sepatrator ^yith the above 
conditions?. 




f • 



6. T^team passing, to a separator hatf' iai quality of 93%. The separator 
collects 285 pounds oC water and U 72J% effi^^ How many 
pounds of steam per hour will pass through the separator? 
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Dry Kpe and Cyclone Separators 



Assignment 7-D 



Objectivcr 



Ue able to locate and to explain the purpose of a di:y pipe, and 
cyclone separator in saturated steanTHfums. ^ 



information: When a steam bjoiler is operated at high loads or with a high-water level, 



there is ' a tendency to carry particles of water with the steam. One 
method used to control this carryoyer is to use a dry pipe and baffles. 



■■:r''- 



A dry pipe consis^ of a pipe that- runs the length of the boiler drum and 
is closed at both ends. The top half is drilled v^th many small holes/ and 
it is connected at the top center to the niain steam otitlet from the brfer. 
It has a drain on the bottom that allows the entrained moisture to return 
to boiler drum. - ■ 

The operation of the dry pipe is based on the principle of a iseparator. 
Steajm enters the smjdl holes on tbp. The steam has to cl^ge directio^iVto 
leave thrdtigh the steam ^outlet. This changing of direction causes any 
entrained moisture to be separated and returned to thej boiler through t^ 
Tdrain.^ . , "'^ ■■ \ 

The dry pipe is very effective for small boilers or bpilers with light steam 
loads/ As the capacity of a boiler increases, it becomes less satisfactory « 



111 e cyclose separator Was developed to overcome the shortcomings o£,the 
dry pipe. It consists of a number of cyclones (spnfewhat l^ set 
side by side, along the length of the^drum and a baffle arrang^mient to 
direct the steam into the cyclone. llSpisture is removed by centrifugal force 
as the stefim is forced to rotate when it passes through the cyclones. For 
an even better separation of steam and moisture, baffles are set up over 
-th^top-of-each -cyclone*-- ^^^-c <-^^ 



Steam drum separators of this type are essential when a boiler has a 
superhefiter, and it is necessary to keep carryover to a minimum. - 

^Referehcer":-^ --■■-'r------^^^^^^^^ 



. Steam Plant Operatic 
1. What is aHry pii 



EKLC 



Assignment: 1. What is aHry pipe? . 

2. What is a cyclone separator? ; . \ 

3. Where are the dry pipe arid the cyclone separator located in the 
boiler? ■ * " ^ , ■ : : 

,4. How does each type of separator function? 
5. What effect do these separators have on the quality of the steam? 

,■ '206 ■ ■, ■ V, 
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"Objectives:^ 17 Be able /to explaih^t^ difference between saturated a^^ y • 

■ steamr- • • V . ' ■• .• ■ . .• ' ■.;;,>•• • ^ 

: 2. Be able to explam why; -superhea 

3. Be able to explain how superheaters are protected dujring operation . 
and warm up. 

Infoirpiation: ' Superheated steam has a higher heat content than saturated steam, so it / 
can rproduce^^^ m 

teritiinology: . > ^ ^ ' , 

1. Heat IS energy • ^ ■ '. ■ ■ : . . '"^iP- -^i;/- ' 

. 2 Enei^ is tlife ability to do work. ; ^ *" /if ^ ^ 

3. Saturated steam is steam at its con-esponding tempieratuife and'^ V 
. -.pressure. .- ^ ■ , \ .\-''^^':^-''. ',■ 

4. Superheated steam is steam at a higher temperature than its , ; 

corresponding pressure. ' / ' 

For* Example, 100 pounds of steam p.s.i.g. has a temperatuire of abilUt 
338^F; this is saturated steam/ If we raise fhe temperature^ > 
400^F or 50p^F, we have raised its temperature above its corresponding W; 
pressure; and it is now superheated steam. Saturated steam is just bar^ly^^.*^ 
.steam. It will start to condense .or turn back to water with : in ; : 

temperature. Superhe^ed steam will not condense as. fast because it Has ^a ; & 

higher temperature. It can be transmitted longer r distances ^withbu^ 
buildup of condensation.. This reduces V^diant heat loss in pipmg and 
c prime movers; it reduces erosion of turbine: blades; and it will increase : « 

plant capacity. . .\ . ^. . - 

^Siipfi^hiCiateiSLJu::^ gas^s^ of . v ^' ■ f IS 



combustion. They may be innerdeck or outerdeck. Supefheat^^^ 
equipped with a safety valve on its outk^^ 
. be set to po^) before the main safety to insure a flow of steam through 
/ V. the superheater. This prevents it from warping ox burning outIV 

. " _ ' ' 1 Superheaters qiust also be fitted with a drain 6n;th^ 

• I;c , reniains open when warming up a boiler, anci is left open lintil'the boiler is 

' y cut-in on the line. The; drain must also^ be -open ais soon as the boiler is 

i taken off the line. This will insure a vflow ; of steam ^^^^ 

. superheater at all times. This flow of steam is the only thing that keeps 
5^ the superheater tubes from warping or burning , ou^ Now we m^ 

discuss the constnicrion^ functionf and mdritenance that they r^^ 
First^ let's just look at the* simple^superhea^^^ 



^ In • the beginning, steampoWer plants < using reciprocating engines were 

de^i^ed to operiate with! saturated steam; «Steam separators were 
; introduced between the bouer and engine to remove condensate from the 

steam ta improve the qi^ty of the steam. Defmite drawbacks to using 

this w^;;^||eam were 'cpiTosion of pipes, erosion of engine parts, pipes and 
^ fittings caused by infcingement of the steam, and loss of heat to metal 

causing cbndensatioiy of steam. These drawbacks were almost eliminated 
, by using superheated steam. It should.be noted that in an average steam 

tufrbine there is a giin of 1% in efficiency for every 35®F of superheat. 

Tbe increase caiy^o as high as 15% for iOO^F of superheat^i^^ %g®^ 

turbines. 



Supprh^ters ar^ of two, general types v-- smooth* and. extended i^surface. 
Extended surface superheaters have cast-iron - fins or grills shrunk upon a 
smooth tube whicTi increas^Vt^^^ many forms 

: and sha!pes because of the ^difference in boiler size^iand design and available - 
space for its location in the- boiler. Below is a^sketch <of a smooth-tube 
hairpin type of su|Jerheater that is located overdeck. ^^ ~ v V 



OUTLET 
HEADER 




HEADER ^ 



The muItMoop superheater comists of man]^ubes bent^ b a 
number of times between the inlet and outlet headers. ^ , 



Modem practice tries to place the supe^aterUiheadirs outside the^ boiler, - 
This makes them easily accessible, and it ^^tei^ovU the 
connections from the high temperature zones* The^tube elemerits'are l^fent 
at a constant radius, and* tlie bends at one end ar^drop-forged. Tubes of 
this type are connected to the header by detachaWe metaJ-^toMiietal ball 
joints secured l>y vl^^ treated steel studs and clamps. Any joint cm 
broken by removing the nut that holds the clamp iSwt* This wod^^ 
make repairs easier. Superheaters must be'kept frel of soot to improve^the . 
transfer of heat. 



References: 
Assignment: 



Steam Operation^ 
Elementary Steam Power Engineering 




J 



1. Define the following: ^. 

a. Heat < , ^ • ^ ^ 

b. Energy ^ ' ^ ^ ' ' ^ 
* c. Saturated steafn . / 

d. Superheated steam ' 
'2. List the two g^^al types of superheaters; ''"■''^^^■■f'^''^-'^-':''' • ' 

3. How can a constant superheater temperature be secured? ^ -v: 

4. Why must a superheater be fitted with a safety valve? 

5. Does the superheater safety pop before or aftejr the main safety? 
^ Explain why. / : ■ 

45. Whyv are superheaters equipped with drains, and how ate these drains 
handled? ^^'r ■ - / .• . 

7. List some of the advantages of using superheated steam* 

8. If boiler rating is increased, whatg^ the effect on superheater 
temperature with a convection type superheiater? With a iradiant type 
superheater? ^ 



< vfejBe and Drum Desupcrheaters j Assignment 



, .v. , 



. Otjectives: 1: Be ajj^e to locate and to | explaiifcr the purpose of two types of. 

^r-^-Av. ..desuperheaters.' ,■; ■■ ]'•'" -y^- •■■ .^^^ .-^ 

2. Be aHe> to explain the. operator's responsi^^ : . 

desuperheatersi^^''-; ' ^Ja; • • j-';.. : ' .''-i 

Information: To some people, it may sound foolish^ to desuperheat the steam: after yc>u 
, .f# ^ , went through the trouble of superheating it. It'^^ 

^"i>:\' ' ■■■■r^^-- ' make iced tea^ Fitst, boil it to make it hot; then add ice to make it cold. 

Add sugar to* make it sweet; then put lem^ make it sour. It . 

. i should be understood that the auxiKaries are not designed t^^^^ high 

i.ir V - degrees of superli^yt. Ill 

■ . ■ : heed tsuperheated steam for maxinium efficiency. It is ;riot practical 

: . ^ , have one bpfler supply superheated steam^.a^ 

is much; easier to^^^ 
I? :' then send it to the^auxili^ 

^ ' / . > ; . ' superheater H^^a^ 

. - overheated or burned out tubesv • ' ■' y'- / r.:'- 

• One method of desuperheatingthe^steam.i^ the steam back to the 

steani and water drumfibr the bofler;.sthe^^^^ 
submerged piling. This cofl is a desuperlieater. The supe^^^ 
: ^ ^es up^ the bofler waifer which is ■ a^ 

f>?/ temperature. It leaves^ thfe^ bbfler at or the saturated steam 

'temperature. It is kribwnr^ — - — — , — , . ■ - ■ : ' ■ . 




Another type of desuperheater is a spray or line type; There is a chamber 
I ^ -^z fitted with one or more nozzles. They deliver a fine spray of water into 

J|: ^-^ - 7 the steam, thus reducing its temperature. A thdrmpstat is placed in the 
If line on i|he saturated st^dni side^f the ^desuperheater. This will control the 

^ • ■ ^ 'V^t?r ^'^PPty to the steam spray. If the temperatur^rises,' more water will 
He introduced into the steain line. If the temperai^e falls, the water wiD 
be redu((^^ed thus maintaining the temperature desired. It should be evident 
that thf^ spray nozzles must be inspected and kept free, and clear, so that 
this type of desuperheater will work. " : - ^ . 



- r ; • "R^ Steam Plant Operation 

Boiler Room Questions anj^Answers 
/ . ^ El^jpentary Steam Powe^Engineering 

■ K' ■ . , ' ■ . . . 
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Assignnfent: 1. What is the purpose of a desuperheater? 

2, List two types of desuperheaterSj , ^ 

* 3. Why is it necessaiy to desuperheat the steam? . - 

• . 4. Describe.how a spray type desuperheater works. 

5; -Frpm 
efficient? 

. 6. What maintehaphce would a spray type desuperheater require? . 

/ 7. Define: . ■ ' ., 

a. Saturated steam 
- b. Superheated steam 

? • c. Desuperheated steani ^ • ' ; 



more 
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objective: 1. Be able to explain the origiri of coalj oil, an<| gas. 



Infonnation: 




iult of the decomposition of . 
ugh trees and ferns grew 
decomposed trees and 
ater. Millions of years 
ydrates to hydrocarbons. 



Coal is referred to as a fossil fueL It is the 
^e lush' tropic vegetation of prehistoia^ 
in a hot,- humid climate. Layer upon 
vegetation was cweijed with sediment!' s^< 
; of pressure and heai^converted the 
or coal. The gebldgistTsky temperature, time, 

necessary to change the wood and vegetation to peat, which was then 
ghanged^ to coal. Cheniisfs0nsist that microoi^anisms . also were; an 
important added factor. There are many different opiiUOTs of 1^^^ all 
took: plisiceS^ took. For example, some^ claiini'^h^t^^ 

about 20 feet 0^^^ 1 foot of *soft coal. Oth^s; s% it 

took 100 years ^form 1 foot of peat; and it took 4 feet of peat to form 
i foo t df coal. Slit, they do *agree on where' coal came from, fit is^ a 
natural chemical process wwhere plant Ufe absorbs c|ibbn^^.(^^^^ 
atmosfphiere. Then, with the aid of sunlight 

ingrediehts to carbon, hydrogen, arid oxyged^^^^ are|^h^ 
basis of coal.. \ > / r ^ ' 

There are scsveral theories, oh the origin bf^ Some believe that it is 
the result of animal or vegetable matter ithat: decayed and aged^^ 
pressure in the presenccfof. salt water.^^^ that is was fonnied by 

substances by the action of minerals, and gases/It \yas at one 



jinpigsmG-. 



References: 



time very abundant in this country; arid it was cheap enough to use as 
fuel in the generation of steam. , 

Crude oil, as it comes from the ground, is usually, selit to a refinery* 
.Through the process of distillation, the various gases, kerbsene, and grades 
of 'oil are produced. 
■•; - ■ •/■•■■•" / • ■■ ■ ■ - : ■ ' '"^ : ■ 

Natxi^al gas is usually found in the same place as petroleum. It is felt that 
they have the same origin because they are found together. They were 
formed under pressure^ and trapped in shale formations and porous roick or 
cavities. Then, they Wdre sealed by layers of non-porous or close-textured 
rock. 

Steam Plant Operation 

Elementary Steam Power Engineering / 

Combustion Jfyigineering ^ 



Assignment: 15^ Where did coal corne from? / '.'W * : 

' 2/ What factory were involved in the formari^ 

order of their import^ce according to you. , 
3. What determines the characteristics q^^^ , ' # 

. 4. What are the two theories on the orig^^ . 

5. Can crude oil from the well be burned as is? ^- 

6. If crude oil can be burned as is, are there any precautions to follow? 

7. Where does natural g^ come, from? ^ ^ 
,8. How is it removed from the ground? 
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/:Clasisifi<:ation oY Oil o 



Assignment 8>B-1 



Objeirayes: 



Jfoformation: 



iv^BtP^able to explain how' pil is classified. 
■31. *J5e ible to'; explain what is meant by B.t.u. con tent ^^^^ 

We ' don't use 4^troleum direcdy firoip tjie:.ofl welk for qjur oh^^^^^ 
for- our autdmobfles. The petrpleuni must Ije distffl^gu^ 
khow that petroleum 'from California and Texas oil wells is distilled into 
^fiieL oil, and that petroleum from mid-western U.S. oil.wells is not distilled 
into fuel olil. Tliere is a reason. ' fc ; 



iPetrclleurii'is classified in several ways. Usually it is classified by the base it 
\viU yield after it is distilled. So, we end up with petroleum that has (1) a 
paraffin ;base, an' asphalt base, or (3) an olefin base. The paraffin base^^ 
oil cpjrhes from the mid-w:est ; it yields valuable light oils that are not^fteij 
"used as ;fiiel. Asjphalt base : oil from California and Te;xas is used fo^fueL 

lllia that; is i^^ for fuel; So, 

that* petroleum from .different areas, has^v d^^ 



"fliere is also ^an olefin bise oil from 
see 



you c^m 
characterises. 



Crude oil; from the WeU is distifled into individusd products, "such as 
gasoUpe diesel ' fuel, lubricating oils arid heatufig fbels; For exwnple, the^ 
(iistillate oil .useH for the light^^ 

distillation it has" a^conastency between kerosene and. lubricating oH. 
Blended bils are prpd^ct^d by mixing oil to certain, specifications^. Residual 
oil is produced by reniovinjg hydrocarbons. After hydrocarbpns' have been 
remipvpdf th^ flash point is lower", 'and thc^^resiSual pil can be sstfely stqred 
• and bum^. T-.^^.' : ' ■ '^^^ ,./.■:■[•.''_:.:■■' 

, ^uelfoil'is also classified by grades of No. l,,No. 2, No.;3', No. 4, No. 5, 
and>3Nfor 6. This^ chart wiD help you recognize them. 



No. 1 No. 2 No. i4 No. 5 No. 6 

Fuel Oa Fuel Oil Fuel Oil Fuel Pit Fuel Oil ^ 



Type 


Distillate 
Kerosene 


Distillate 


Veiy light 
Residual 


Light 
ResiduS, 


Residual . 


A ... 

Color 

•i - . - J 


Light 


Amber : 


Black/ ; 


JBlack 


Black 


A.P.I. 60**F 


40 ■ 


32 


" f 


17 


12 


— ' « 

Specific Gravity 


.8250 


.8654 


■.9279 1 


.9529 •• 


.9861 


Lbs/U.S. Gal. 


6.87 


7.206 


7.7.27 


7.935-' X 




R.t.u./Gal. ..; 


137,000 


, 141,000 


146,000 


148^000 . 


i50,boo|; 



^ The heating value of fu 

per gallon* The B.t.u. : rating of a fuel indicates how much heat it 

produces. Heavier oils contain more B.t.u.'s than lighter oils, st) the 

specific gravity of fuel oils is* used in calculating hieating valtie. Heating 

value is determined by: i . 

B.t.u. 1 lb. = 17780 + (54 X.Degrees A.P.I.) 

Specific gravify of oil is defined as: "the ratio, of the wei^t ,of ^y 
, volume of oil at 60*^F to the ^yeight of an equal volimie of water at 60^F. 
It is designated as Sp. Gn 60/60F and is carried to four-decimal places. A 
hydrometer is used to measure spetiific 'gravity. It is read direct or 
expressed in degrees A.P.I. (American Petroleum Institute). The 

* relationship between specific gravity and degrees A.P.I. .^i^Sfc^ as 
follows: ' ■. , '^vr'V;'^' 

• . Sp. Or. 60/60F = 131.5 + Degree, A.PJ. ; 

Degrees A.P.I. = Sp.. ct^ 60/60F ^ }^'^ ^ ' 

References: . Steam Plant Operatiah 

Elementary Steam Power Engineering . 




Assignmeiit 




"1. How/is |)etxoleum classified?^ 

2. What is residual oil? '..* \ 

3. ^ Why aren't paraffin base oils used for full oil? n 

4. Using the chart of the grades of oil answer the following: 
As^ the* B.t.u. content goes up what happens to the specific 
gravity? ^ \ 

5. 'Oefine specific gravity . > 
6.. *HoW is the specific gravity deteimined 
7. /How is the heating value of fuel oil expressed? ^ 



a. 



4r 



. i 

i '''' 



r 
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Conversion of Specific Gravity to A.P.I. - i Assignment 1 

Objectives: §1 . Be a^^ 

\. ■ 21^ .. Be . able' to convert degrees A.IM. to specific gravity- . 

Information In- the.' last assignment, we leanied that, specific gravity is th of the 

weight of any volume of oil at 60®F to 'the weight; of an equal amount of 
water at 60^F.- It is carried to four decimal places and is expressed as: - 

' * \ A Sp. Gr. 60/60F . 



EKLC 



When we know the degrees A.P.I. , the formula for determining the specific 
gravity of the, fuel oil (Sp- Gr. 60/60F) is: . 

SP. Gr. 60/6dF = ■ i31.5^£grees AJ.!.- " ' i'^'^l^^^^^^ 
Fqr example, find the specific gravity of fuel oil that is 40" A.P.I, 
i • . vSp. Gr. 60/66F .- i jS+'i^grees A.P:i. " 



' ' , ■ Sp. Gr. 6,0/60F = .8250^ . 



Wlila we know the Sp. Gr. 60/60F, the formula for determining degrees 
Degrees A.P.I. ■ = Sp. Gr. 60/60? " 1^1.5 



Forexample, ifind the degrees A.P.I. when the specific gravity of the fuel 

E)4grees A.P.I. = •^^f" - 13]A v 11^ 'IV; ' 
Degrees A.P.I. ^ 142.5 - 131.5 ^ ^ ' 

■ ■ I ' 

" Degrees A.P.L = 11 



pil is .9930 

I ■ 
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Assignmetit: Find the missing degrees A.PJ^ and: the missing Sjpv Gr: 60/iSOF in the 
chan below:- ■ ■ •/ ■ " ■■.■•), '■■■•' -' 



1. 


De^^ees AJP.L 


Sp. Gf. 60/60F 

■■ • ' ■■■■■ ■ . 


* . ■ . ■• .. . • 
...... ... .. _ 




2. 


^ . ? . 


1.0366 - , 


•• :.v. ■■ 


■ ■ y ' 


3. 


- ■., 8 


- .? 






4. 




* : 1.0071 










•? \ . 




■ ■ ■ • ■ 


6. 


■ ? ■ ^- 


« .9792. 






7.', 


14 








8. 




.9465 ; :^ 


■ ■■>■ ' ■/■ ■■ • •■ :• ■. ■•• 








" . ? ' 










.9340 . 








&'-*^j-riir;'.v.,.; ,-rt>:-. ', ■ 
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Propertiei^ of^^dil 



Assignment 



•^^^^ition:' off c^^^ hydrogen with some .moisture, 

. ^sulpliuTj iiitt arsenic, phbsphorus, ahd silt. The sulphtu: coriterit of the 

is^^r b3::i2(^ by kw in^ New Jer^^-,^^p^|^^dpne to cut down on 

^ ^ ' stjph^^ the flue gases which ^^OT^ air. 



:.-.'^'%'Thc, fifeman and engineer must be familiar with tHe characteristics of a 
fuel ; oil 'ip order to safely handle it. Let's look at a few points to 



remember: 



Viscosity : Oil's intemjj resistance to flow. We r?dse the oil's 
temperature to lower its viscosity making it easier to be pumped. ' 

Flash pointt Temperature at wliich oil will giv? o|f a viapor that will 
flash when exposed to an open fl^e.. A fuel oil with a low flash 
point would be dangerous to use'. . 

Fire point: Temperature at which oil will give off a vapor that will 
bum continually. : v 

Pour point: Temperature at which oil will no longer flow as a liquid. 



Heating value: Expressed in B.t.u.'s per pound^or B.t.u.*s per gallon. 



^e(QrQhces: ^Steafn Plant (^erd * * 
Ekmentary Steam Power Engineering 



J' 



Assignment: 1^ Define the following: 

' '-Viscosity •, ' 

' c. Fire point 
* d. Pour point ^ 

2. What. disadvantages if any are there in using a fuel oil with a low flash 
point? ' . 9 ■ 

3. How is the heating value of oil expressed? 

4. How can you lower the viscosity of a fuel-oil? 

5. What would happen if you had a fuel oil with the * pour point of 
lOO^F and the temperature in the fuel tank droppid to 80®F? 
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6.^ Discuss the advahtages of usmg oH^jover jcoal. 
^7. What are the disadvantages btbuniiiag oil? 
8*. What difficulties will the follov*^ cause: 

a. Abrasive partii^s in oil. / ^ 

b. Sulphur in 00/ V 

c . Moisture and sludge in oil. 
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S.t.u> Content Per Pound of Fuel Oil _ Assjgnnient 8-B^2rMl 

' "'^ , • . • - '^v ■ •• : ■ •■■ • , ■ ■■■■ ■■ - . . ' ■ • 

■ • ' , '-V-" ■ ; ,:• • - .'. r ■ ■ ' ■■■ ■ ' . ..• ■ 

Objective: ; 1; *Be able to calculate the B.t.u; content of fuel o0 when its degrees . 

A.P.L are known. . 

Information: If you know the degrees A.P.I, of a fuel oil, you caJi find the approxiniate _ 
B.t.u. content per pound by using the foUowing form^^^ . -0'. '■ 

B.tWPoundcrfOil = 17,780^+^ 

Example: Fud^hl^; .specific gravity of 10 degrees A,PJ. %ind B.t.u/ content p» ' 
' pqiind of ofl.. . " 

■ "■• ' ' ■ ■ ■ ■'■ ■ '"'-^ , . ■ ^ ' - ' . ■ ■ *■ ■■ ' ■ 

/ B.t.u. 1 lb. = 17,780 + (54 

' ^= I7.78O+ (54X10) ' - \ 

. ^ ^ : = * ■ ; ' ^ ^ 

■ , / ■ ■■■ = 18,320/ .-* . , ^ - , ; 

Kefetences: Steam Plant Operation ; J ' / 

, Elementary Steam Power Engmeeting , < • 

Assignment: Find B.t.u. cohtent per pound aiid per gallon for the 'following: .' . w ^ 

. ° Degrees A.P.I. . Lb./Gal^,. B.tu./tb. P.t.u./Gal.. . 
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--8.762- 




- 2. ,, . 


'5 ■■■■ 


8.634 




3. 




8.388 




4. 


■ ■■ ' 11 ■ 


8:270 




■5.' 


.12 


8.212 




6. 




8.044 




7. ■ 


18% ■ . 


7.882 




8. . 


20 


7.778 
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dassificarion of^Coalw . » Assignment 

Objectives; 1, 'Be able to describe how coal is classified. ' • • ;,. :\. ' 

2. Be able to define rank and grade. ^ 

3. V Be able to defihe Bxu. content. v 

Information: Coal is still the most important fueLiised for steani 'generaj^oh. Some b^c t 

* facts shoulji^lbje urilliCTstood in or^^^ suitability of coal 

v l ' for a given installation. ; . .« 

Coal is the resuit||^f a natjural chenlkcal process. Plants absorb c^^ 
dioxide &oth the atmosphere* Under the influence of sunlight, moisture, 
and heat, they, v^tum it into carbon, hydrogen*, and oxygen. These 
V conditions vary, so the end product coal, varies and must be classified. Jt ^ 
is classified according to r^lc and gradev Rank refers to the degree of 
hardness, apd grade refers to size, heating value, ash content, etc. . 



erJg 



II classification of coal by rank: . ^ . r ] 

■■■■ II.-- Peatv ... ■ ■■/:<■ . 

.V "2. ■■'■■Lignite'""' ■■■■ ' ' , 

3. Subbitiiminous . ^ . 

4. Bituminous — ^ / ^ 
. ■ 5'. Semibitumirious ' ^ 

rv" 6;; Sul^anthracite z*''""'^"-^ 
7./ Anthracite : . .. W:. ' ( - " ' 



Classification of coal by grade (commercial sizes) 
Bituminous 

- Run of mine 8 
' Lump V , 5" ' 
. Egg ' 5" X 2" • 

• . Stioker ^ 

Slack aixjl under /{• 



/ . 



. ^ \ Anthr^cfte 

.* • . BrokeA , 

■ . v. • ■ ., > 'Egg • • 

/ . . ' ■ ' ^ . ■ -Stove ■ . , 

Nut ■ ' ■ V 

'.Pea . , 
i Buckwheat 

■ Rice ■ ■ ■ ; \ , 




In order^to further* classify coal as to heating value and ash content QtCi 
we must use an approximate ^alysis and an tiltithate analysis. It is the 
ultimate analysis that will allow us to figure the B«t*u. content of coal per 
pound by using DtiLong's formula. 



B.t.u.'s/lb. = 14,540C + 62,000 (H - 0/8) + 4050S ' 



^ References: Steam Plani Operation 

V ' Elementary Steam Power Engineering ||| 

Assignment: 1. How is coal, classified? . 

• . • 2. What does each classification show? 

. .i 3' Discuss the commercial sizes of bituminous coal 

4> Discuss the commercial sizes of anthracite^^c^^ 

5. What is meant by hard coal? * 

6. what is meant by soft coal? . ' 

7. What i^ fixed carbon r* • 

'8. What is volatile-matter? V . 

9. What is DuLong^s formula? 
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Properties oyCoal v ; \' Aiwgnment 8-C-2 

Objectives: 1. Be able to describe the properties of coal. 

2. Be able to describe what a proximate an'alysis^howSi 

~. !7^^ ~~, 3I Be able to describe what an ultimate analysis shows. . • • ' ■ 

•» • • • •'■ 

Information: In order ""to deteniiine the coal best suited for a. particxilar plant, it is 
necessary that you know its ||haracteriitics. This requires a proximate and 
: an ultimate aiialysis. ^ * ' ' • 

I . . . 1^,. ..•.,..)-. 

' 'A proximate analysis will provide information regarding moisture content, 

volatile matter, fbced carbon, and ash content. • . 

An ultimate ahalysis will provide information for the elements found in" 
the composition of coal. " " . . 

Coal is composed of the following: 



■V-/ 



N — Nitrogen 
♦ ' O. — Oxygen ^ r- (;v 
' ' C — Carbon ; ^ 
. ' A:-^-Ash , . ,. V 

S '^ Sijljphur 
. H — Fiydrogen T ^ 



Knowing t^ie ultimate analy^ and using DuLong's formula, - it is possible 
J to find the heating value of coal in B.t.ii.'s per pound. ' 

References: Stearti Plant Operation 

Combustion Engineering, '. ^■ 

•i ' Elementdjy Steam Power Engineering *' - 

. Assignment: 1- What infotmation.can be gained from^ a projomate analy 

2. Wh^ information can be gained from an ultimate analysis? 

3. What are the useful elements in .coal? . 

4. What are the effects of sulphur in the coal? 

Ss^Is furnace volume affected when^ bum]^ anthracite pr bituminous 

^ ■ coal? ,^ ' 

. 6. What'is the chemical composition of poal? 
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DuLong*5%onni|l4 Assignment 



1? 



Objective: 1. Be able to calculate the heating vald& of coal with DuLong's formiilsu 

Information: A calorimeter is useii to determine the actual heating vialue of a fuel. It is 
. ; . possible to calculate the heating value by using DuLong's formula. You 

must have the ultimate analysis of the fuel ta start with; 

• :.. '. . ^ '■ ' . \ ■'■ ■ " ■•• ■• . K ■■■ ' ■ • ' ■• 

C = % of Carbon > V 

c 6 = %bf Oxygen' ; ^ — ^ 

^ J . S = %of Sulfur ; ^. • 

This formula means thkt for every pound of carbon burned, completely, 
14540 B.t.u-'s will be released. For every pouftd of hydrogen minus 1/8 
the oxygen/ 62000 B.t.u.'s wiD be released. NOT^^ 
. that some of the hydrogen and oxygen unite to fonti water vapor* For 
, every pound of sulfur burned completielyv 4050 B.t.u.'s will be rele*ksed. 
The sulfur content is soJme.thiii^ we can do without because^^^^^^^^ 
\ -J problems it causeis^ due to sulfuric acid attacking. boiler metal. ' ; ^ ^ 

Example: The ultimate analysis df a fuel is.;as follows: ; ' ^ 

Carbon 68% Oxygen 8% 

s j Hydrogea 5^ Sulfur' 10% , r 

■ Nitrogen 7% . A^h 8% v , : / 



• Find the heating value: , 

H. Y.- = 14540C + 62000 (H - |-) + 40503 
. - ^ ^^44540 X .68 + 62000 (.05 - + 4050 X .1 

: ; = 12772.2 B.t.u.yrb. • t; - r 

^The Steps used in^solvfng the probldm^^ 

'. ? ■ ' i *■,*-.■ ■ , • ■ ' • 

i i'><c^A - ''01 ' 4o4o 4. 9887.20 

1. 14540 2., SB) .08 . 

fCQ " .1 2480. 

.Q^5 62000 .:— 405. 

116320 . - .01 \X .04 . "^^^-^ ^ 



8724 



12772.20 
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Assignment: #1. The ultimate an 

X * Carbon ; 65% 

'-M. - ' Hydrogen 6% 

, Nitrogen 2% 
Find B.t.u. contentV 



y is as follows: 

:Oxygen 11% 

' Sulfur. ' ^ 4% 

: , Ash ' ^JL2% 



2 . The ultim a t e anaylsiSr^f-goal-is — 

.Carbon Jt5% 'Oxygen; 



lilydro^n 5%, 
Nitrogen 2% 
Find B.t.u. content. 



Sulfur 
Ash: 



5% 
1% 

2%. 



3. The ultimate analysis of-coal is as follows 
J. Carbon 609^ 

vjS Hydipgen 4% 

Nitrogen 4% 
Find B.t.u. conteiit. 

4. The dtimate analysis of coal is as fol 
• Carbon 61.5% 

Hydlrogen 6.8% 
, Nitrogen ' 3.4% 

find. the^B.t.u. content. 



I Oxygen 
Sulfur 



I- 



Oxygen 
Sulfur 
Ash 



16% 
4% 
12% 

6^% 
5.6% 
11% 



5. The ultimate andysis of cod is as follows: 

^ Carbon . ' 80% ^ Oxygen 

; 3' Sdfiir 

Nittogen 4% 
V ■ Fin^ the B.t.u. content. 
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5;5% 
3.5% 
1% 
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Classification of Gas^ 



Assignment S-D-l 



\' Objectives: 1. Be able to describe How gas lis classified. 

v2. Be abfe to describe how the heat ^ue of gas is determined. • 



■jj. •Information: Gas 'is classified as either natural or manufactured. S^|^levisn't it?. Na^^ 
^> gas is product of nature; it is foupd in oij' fiields and cpaL fields. . v ; 

. ; Manufacture'd ga v ^ ♦ .* ' 

• Naturalvg5s consists o^imethane, ethylene' with sipaller. ' amountis of ^ * • 
hydrogen, nitrogen, carbon%iono3dde, carbon dioxide, oxygen, aiMt- heavy - 

^ . hydfocarbons/It has gained in popularity with the M 

because it is clean and causes^ less pollution* Its'B.tfu. conteftt varies &b;1i : ■ ' . ' • * " 
• * 950 to 1000 B.t!u.:per tul^j^^ ' * .^^v ; ■ 

; ■ Manufactured gas .njayybe^U ^ . ' " 

* gas, producer ga§,o or refine^^ Its . B.'i.u. c^^^ : xi ^ . 
. . depencimg op*h6w it islrnany^i:ured.^.;.^ ■ . * f?''- . : X ^ * '* ' ^ 

^ Hea3Kj^]g;y^i^*: is:e^^ in^B^t.p.'s peir/^ 

r • a4. ^ the^^^t^ifestt^ght ^ pracdce mtes/the.he^^^ J^. 

r V > \ ^ Z];^. therpSs^i^l^' approximately ;;|00,^^^ 

' *^ V '^-^ 

"\ ^ ' . ■ V ? c^Siyc^ analysis of ^h'e gas.^X^ie^ he^^ , 



■^^^^ ^ ' ■ , ? c^^l^nical analysis ot > - 

I ' ' * * ' * ^ by exM r 

/ w ' \ C;^ ^^^ (letehnin^.fth^ l^tingi^^ . ' r J^^-^j ■ ' 





- ■ • • . ..■•5u".i • 




. .■ ■ • ■ ■ V'-. : ■♦• 




|; Properties of :Gas / . : %j ^ , ; 1 Assignment arD-2 ■ 

* Objective: .si. Be able to describe the properties of natural and^manuf^^^ 

J Information; Manufactured gas and njatural gas will vary in chemical makeup. Natural , 

» . . may be 'dry or wet depending on where it is (found. Wet natural gas is • 

^: found with olTdepositSi and dry natural gas is fpulul away from oil / 

y . . , * producing wells. Dry and' wet do not refer to moisture content; it refers * 

- _to the gasoline content of the gas. Natural gas can alsp^be sour or sweet. ■ 

if .- Sour gas contains high percentages of hydrogen sulfi^ 

^ contain this ingredient which smeUs like r is made ■ 

■ \'. '. ■ ' ujp primarily of methane (GH4) and ethane (C2H5.). Manufactured gas will 

/ vary in the way thiat it is made. > 



Blast furnace gas, Avhich^ is a waste product of furnaces used to smelt iron 
ore, will cpntairi;carb6n*tdioxide, nitrogen, oxygen, carbon monoxide and 
hydrogen. The B.t.u. content will vary between 85 and 100 B.t.u's per 
cubic foott / • 

>V Coke-oven gas will have a. B;t.u. content of^ 

fpot Ipd will co^^ carbon rnbnoxide, oxygeri, 

methane, hydrogen and nitrogen. ' . 

References: Steam Plant Operation , ^ . * / \ 

Combustion Erigineenng - " 

Elementary Steam Power. Engineering - * ,// 

Assignment: 1. Define wc>t gas and dry gas. 

2. 'Vl^at is sour gas? ! ^ 

3. How does sour gas differ from sweet gas? 

'4. What is the chj^ical composition of natural gas? 
. 5. ^ What type of coal is used^ to produce; coke-oven. gas? 

• ■ ■ _ _ : 
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objective: 1. Be able to describe the safe sfor^e and handling of oil, coal, and gas. 



Intomiation 



i: Safety is impbrtant wheli handling fuel. In order td pump the^h^avier oils; ~~ 
they must be heated to lower theii: viscosity, if .we overheat thfi oil in a ^ 
storage tank, two things can happen: . . ' / 

^ " ^ 1; As the oil becomes Jiottef, the sludge, sediment, and other 

^impurities settle but in the fuel oil tank. Tiiis will biiild tip, and > 
* . , • eventuaUy the tank will have to be opened and deaned. This is an : 

' r. ■ w expensive job. ^ 

' 2. "ihlEhe oil is too hot, it can reach its flash point which can lead to 
' * a fire. Boilerrooms using oil should: have fire extinguishers of the * 

" proper type in; strategic locations. Therevshduld also be buckets of - 

saiid available for use- in . case of spills or small fires.. Foam or dry 
chemical^ extinguishers are useH for' oil fires. Never - use water. ' 
Whenever an oil spill, qccurs, it should be cleaned up at once, and 
, . all oil rags should be disposeH of immediately. 

Coal offers a different problem. It is necessary to jstockpile coal to meet 
^ • plant needs. The coal can overheat and start to burn; this is caused by ^ 

^ * spontaneous combustion. It should be noted that anthracite is better to V 

stockpile since it is .not bothered ^y spontaneous comb^sti^^ 
coal has a high volatile' content;^t' must be watchei carefully. In steam 
£plant operation, there is a list of precautions to take against spontaneous 
combustion. ' ' 

■ ■ ' ■. N ■ ■ . . . . , • 

Gas is very explosive and toxic. All gas lines should be tested for leaks by ^^^^^^^^... ^ '■■■-T . 
^ ,'. using a liquid soap solution. Vent lines' fr©m regulators, reducing^^ ^ 
governorsv. should be piped out of the boilerropm to an area where they 
• ca{ |i^b e discharged, saiely. A 
gal^ i^allowed to build up and to get to the point where there is a proper 
mixture of*gas and air, and if it comes in contact with ^ an open spark or ^ 
. fl^e, the resulting ex plosibn can be deadly. 

References Steam Plant Operation _ ^ ' \. 

: Elementary Steam Power Engineering 




; ^. ■ ■■■ /' ■ - ' ■ ■ . ' ^ 

Assignrtient: 1. What are the results of too. high a terpperature of oil iri} the storage % • 

V- ■ \ ■ 'tank?; ■' ■ , . \: ■ [ 

^ . 2.. How would you take care of an oil spill? ' * 

. [ i 3. a. : What is the purpbse of an oil vent oh an_oil tank? . 

V ; ^ b.^ What precaurions should <be taken, in regard to this vent line '* 

f|' , - • 4. What type of fire extinguisher should be on hand in plants burning 

- — ^?'--.' " ' ■ ' " ■. ' : ; ' ^ ' ■ - ;• . ■■ - •/^ - / 

5. Wo^ld yoQ use ^water to put put an oil fire? Explain. ' ' 
6; What is spqntaneous-combustio'n? ^ s i 

7. »Listu^the precautions to follow to prevent spontaneous conibtistiori. 

8. Why is soft coal more prone to spontaneous combustion than hard - 
vxoal? ; ■. • \ ■ 

•9. How would you recommend checking gas lines for leaks? 
-10* Why should all ^v;ent lines from gas-control valves be vented outside the 
bbilerroom? . ' ^ V 

:v - : v ■ ■ : ] ■ 
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Oil Tanks and Piping 



Assignment 



Objectives: 1, Be' able to locate theTfuel oil tanks in the" school ^ 

2. Be able to'explain the reasons for knowing the, location of all fuel oil 



.piping in a 



.plaM. 



Information: , In order for a fireman to operate a plant safely and efficiently, he must \ 
know his plant well. Kno\v the location of all fuel oil lines, valves, pumps, 
regulators, an<^ crossover connections. Know how to swing over from one 
fuel oil tank to another. Know how to change over pumps and heaters. 
, Know the temperatures and pressures in yoiir system becajuse they are an 

indication of either a-normal operating plant, or a plant about to get into 
serious trouble^: No two plants are alike. They may have the same basic 
equipment, but their location will vary. The firentari niust trace, out^^^^ 
lines, make a rough sketch of all valves, regulators, strainers, heater, pumps" 
etc., and then go over in his own mind how he would handle e^ch 
emergency, before if happens. When' things start to go wrong in a plant, 
there is not time to think; there is only time to take decisive action to 
saye the plant. A~firerrian is responsible for maintaining steam pressure on . 
•his* boiler for production.. If^ the boiler^goes down, all production goes 
down. If the plant is generating the turbine goes down, and the complete 
^ plant is dead. This must not happen and will not happen if the operator is 
on his .toes. Knows your plant and operate it intelligently. Good operators 
' are not born; they are made! ^ 



Assignment: .1. 



2. 
3. 
4. 



a. What is the capacity of the school fuel oil tank? 

b. Whati temperature do we maintain in our fuel oil tank? 

c. Whait would happen if the temperature dropped too low? 

d. What might happen if the temperature got top high? 
How is heat supplied to the fiiel oil tank? « 
What is the purpose of the vent on the fuel o^l tank? . * 
What would happen if the vent were clogged when taking oil? 



5. What would happen if the vent were clogged whenftfLr^g the boiler? 



6r Hbw: c^^^^ir e system? " !"' 

7. l^oWocaiX wSiri system of air qnce it is|i^ tb^system? 

8. Explain ho^^ temperature in thie fuel oil IpEnk is controlled? 



Pumps and Heaters 



Assignment 9-A«2 



Objectives I 



s« 



1. Be able td explain the purpoSe of; fuel and pu 

2. Be able to describe the basic types of fuel 6uipumps. 

-1. — Be^ble-to^explain-th«-need-for-fuel-oil-heater^,— 



Information: Storage of fuel pil is in tanks that are either above or below ground. Fuel 
oil pumps deliver the oil to the burner under pressure. The pumps are 
positive displacement pumps which means there is always a positive 
discharge of oil. They can be reciprocating, gear, screw, or lobe type 
pumps. The pumps will be protected with . a relief valve and some •type of 
pressure regulator tg control the pressure of the oil at the burner. Not all ' 
oil is deliverd to. the burner. Some of the oil will be returned to the tank.^ 
This keeps the oil in the lines warm at all times. 



DISCHARG 




SUCTION 
SIMPLE GEAR PUMP 





AUTOMATIC GIBS 
IMPEllERS 



SHAFTS 



BEARING 



PUMP BODY 
EXTRA HEAVY 

• LINER PUTE 



:■'■■■* r^V 



LbBE TYPE PUMP 




HERRINGBONE GEAR PUMP 
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9-A-2-1 



The oil in the tank is Jcept warm by using ^eith|r heatbg ra 
bell, or electric pipeline heaters. The heating bell or coils have either ste.am 
or hot water circulating through them to maintain'the proper temperature. 
Tiie oil in the tank must never be heated; above its flash point in the tank. 
After the oil leaves the tank, there is usually a gteam or water heater near 
the-fuel~oil-pumps-and-an-electri<rWacer^ up 
to its firing point. The returns from steam heat&d coils or heaters miist be 

.carefully monitored to prevent any fuel oil from entering the return lihes 
and getting back into, the boiler.' Oil in the steam and water' side of the 
boiler causes foaming which can lead to burning out of the boiler tubes. 
■ '. " * •"" ^' ' . . : • ' ■ ■ ' , ■'■ 

1. What IS the'purpose of a fuel oil pump? 

2.. Why are gear pumps often used for fuel oil pumps? ' / 

3. are fuel oil pumps equipped with relieY valves? 'Where are these . 
rislISf valves located? ' . .. 

4. What would happen if you had a leak on the suction side of the ftiel 
oil pump? , • 

5. How js the oil in our fuel oil tanks heaied? 

6. Why is it necessary to heat the oil in our tanks? 

7. How does heating the oil affect its viscosity? 

8. How is the^temperature of the oil controlled on the following: ' 
^ a. Fuel oil tank #1 • ' * * • . 

b. Fuel oil tank #2 / / 

c. Stearn heaters v 

d. Electric heaters 





CONDENSATE RETURN' 



TANK BOTTOM' 



HEATING BELL 
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HEATING 
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Gear Piimps V %. Assignment 



Objectives: 1. Be able to identify^ the parts' of a gearl^pump. 

2. Be able to list the advantages arid disadvantages of gear pumps. 

Information: THc gear pump is a type of rotary pump. Although its motion is the 

• H as a centrifugal pump^ its theory of operation is entirely different. It <fl^ 

' however, provide a constant discharge pressure like a centrifugal pump, 

" , but it is a positive displacement pump. ^ 

The advaritages of the gear pump are: ^ 

1, Few moving parts | . 

'2. Low 'initial cost ■■■ " ■ ......^ 

3. Small in siie 

\ 4. Constant pressure ^ \ ^ 

5. Self priming - 
' /" 'High suction lift ; .1 ., 

7. || Can handle high-viscosity liquids. / ^ 

V * . Its disadvantages are: ^ - ^ . 

• ■ .■ 1. Slow speed ■ ^r, ; i- 

\ ■ ' 2. . Noisy , ' ■ ; ■ /#' 

4^ 3. Efficieincy drops quickly when teeth wear : 

4. Low-viscosity liquids hard to handle at high pressure du^ to 
increased slippage .^ ' v.;^ ^ # 

The <5perating characteristics of a/gear pump makes it ideal for use as* a 
\fuel oil pump. As in any other type of equipment there are different 
designs. The sketches on the following pages will help you to identify 
» them. 

' ' . . ■ . . . ■ . , • ■ ' ■ '.. . ^ ' ' 

References:' S%am Plant Operation ' / 

Manufacturers Data Sheets 

Ass^nment: 1. Why is,a gear pump suitable as a fuel oil pump? 

2. How does a gear pump compare to a centrifugal pump? 

3. How does a ge^ pump conipare'to a reciprocating pump? 

4. From what you have observed, do you think a gear pump needs a 
relief valve? If it does, where would it be located^ 

-/ /"S. Discuss the advantages and disadvantages of a gear pump. 
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1. BODY ■8. GLAND STUD* 15. HEAD BOLTS 22.-FRONT BEAWNGS - 

2. BEARING BRACKET 9. GLAND NUTS* 16. HEAD DOWELS* . 23. FRONT HEAD SEA£ 

3. niONT HEAD 10. GLAND ' PACKING 17. COUPLING KEY 24. BRAC BCT ^S EAI^ ' 

4. REAR HEAD 11. ROTORS #i8. LOCKNUT AND WASHER 25. ZEHK FITTIN S^-T 4 

5. DRIVE SHAFT 12. ROLLER BUSHINGS 19. DRAIN PLUG . 26. ZERE FITTING— R 

6. DRIVEN SHAFT 13. TIMING GEARS 20. GEAR KEYS* * 27. BODY BOLTS 

7. GLAND 14. HEAD GASKETS 21. ROTOR KEYS* 28. ROTOR SPACERS* 

• ^ 29. BEARING SNAP RING* 
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1. BODY ^ V 

BEAHDia SPACiSH 
3. FRONT HEAD 
4; REAR iElMI^ 

5. DRIVE SHAFT , 

6. DRIVEN SHAFT 

7. iSLAND 



& 



^8. GLAND STUD 
K GLAND STUD nut' 
10. GLAND PACKING 
11.. ROTORS 

12. ROLLER; BUSHINGS 

13. TIMING GEARS 

14. HEAD GASKETS 



15. HEADlBOLtiS^^ 

16. HEAD bOWELiS 

17. COUPLING 




18. LOCKNUt ANM#ASHER 

19. DRAIN PLUG 4^ 

20. TIMING GEAR KEYS 

21. ROTOR KEYS 




ROTATING ELEMENT , 



INTERNAL BEARING TYPE 



9-A-3-3 



objectives: 



1. Be able to describe how a pressure atomizing burner jvorks. 

2. Be able to describe how the amount of oil burned is controlled. 



Information: The quantity of oil delivered by the atomizer is controlled by: ^ 

1. Oil pressure « 

2. Tip orifice diameter 

3. Plug channel dimensions . ; 

The bumeA job is to deliver fuel oil in a. fine spray and to mix a 
sufficient amount of air .with the oil Yor .jefficient comb 
do this, the burner has V 



References: 



- . 1. An atomizer which delivers oil to fire box in fine mist. • 

2. An aiFregister which admits air to fire box. 

"3. ;Valves and fittings which "^connect the atomizer to the oil lines. 

The two types of aitomizers shown in Figure 9-A-4-1 are the plug and tip 
' types. Figure 9-A^r2 shows the sprayer p|ate'f^|Je. 

The air register performs these three functions: 

1. Gives' air a whirling motion, which, helps bring each particle of oil 
.into close contactiwith air thus aiding in combust^^ 
. 2. Controls antount qf air that enters fire box. No air goes in when 
flaps are closed. 

3. Controls the velocity of air entering ^ fire-box. 

Steam Plant^)p€ratton 
. Elementary Steam Power Engineering 



Assignment: 



1. 
2. 
3. 
,4. 
5. 



How can the amount of oil delivered be controlled? ^ 

What determines the amount of oil entering the return line? 

At what pressure is t||^ oil supplied to a mechanical atomizing burner? 

What is the range or capacity of a mechanical atomizing burner? 

Approximately how much boiler horsepower can a mechanical 



atomizing burner develop? 



6. What type of spray is produced by a mechanical atomizing burner? 



€UEL 
CONE 



TIP 



PLUG 




IKJC. 



PLUG AND TIP TYPES 




PLUG CHANNEL 
DIAMETER 
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SPRAYER PLATE 




01)1' 
CONE 



TIP 



CHANNEt. 



SPRAYER PLATE 



NOZZLE BODY 




S PR AY E R - PLATE A T 0 M I Z E R 
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objectives: 1> Be able to explaui vwhy.'f otary cup burners are used. 
J 2/ Be able to describe how o 



Informsition: The rotary cup btirner'^/w low-pj||^ure plants^ 

has gained in popularity- with the inttoduction of high-pressure package 
type boilers. It^^can burn, a wide range 6f fuel at relatively low 
-: temperatures iind pressures. It is ideal for complete automatic opera,t(on. A 
, combination gas or oil fired ||piler makes a plant tha^ is very flexible. To 
. * change from oil to gas often mSGis just opening-a.jnanua] shutoff valve on 
the gas line and thrpwing the selector switch to gas. 



* The rotary cup' burner has 4lso been ^used on ocean-going ships. Figure 
9-A-5-1 shows a direct^^iye inodel an^ Figure 9-A-5-2 shows a. belt drive 
model. The schematic, Tigure 9-A-5*3, shows how « the flame patterns can . 
t'e changed by 'using different angular vane nozzles ^ This is very imf^ta^it 
since it will prevent oil impingement and will le.ad *t6 more coi^plet||s^ 

...combustion..;.:.:'.. ... '■'^^•^M^ ■ .< 



The pressure of the oil does not affect tlfe atomizatibn of the oil. This' is 
accomplished by the spinning cup^iia^d the angul^^ air nozzle. The oil 
is delivered, through a fuel tube'* which pass a hollow, shaft • As 

tfie oil ih^^a thiil.^^|)y^ off the end of tli^ oil cup, it .^ters. the' 

high-speed cone;^^^^^ helps to break it .up! These angula]^^p of 

the dr nozzle iare^ynst^D&iJ sd that , the air wiU rotate in t^^^-'^™*^^^ 
direction ofSe ato^/inlizihg cup. The primary, air which is being' 
the burner fan provides only about 15% of the air that is requ!^®>.for 
combustion. It is necessary to supply stcond;]g^^p ai^ complete 
combustion of fuel. .^v^Si — a 

■ ' . ' • '■^'■y-'W'-^^ ■ ■ ■ * ' 

A sail switch or air switch is located at therbuirier fan. housing to prove 
primary air pressure. It 'is usuajly wired into flie syste the burner 

motor will rui^and purge; but the progarrtmingrcl^^^^ is /cut out q£ the . 
cycle. The diajp^ill cdntinue to nij^ve; but th^te is no ignition,. a^ 



>-4 



vaJve can not^ 



References: 



Steam Plant Operation 

Pctrd Manual Installation and Service 



Assignrnenc: 1; How is the oil pattern controllcd'in, a rotary cup burner? 

2. Does the primary air play any partMn atoihizing the oil?' Explain. 
'' 3-. How is the primary air suppli * " 

. 4. Why is secondary air required? , ^ p; • 

..... 5. ' How is the burner protected against primary^air failure? , * " . 

6. Docs a rotarj/ cup require high oi" low oil preiSsure fo^tpm.ization of... T 







*OVft|NG/SE'AL:'j;PAFEfll GASKET USED ON • « 
BURNERS }fllH itHMll PUHP 'HOUNT I N6 COCUR)' 
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■ J • . • 



Assighmient '9-A^f>! ( • " 



^1" 




the burner; it lilst.called ah^ inside-mmng -tVp^^^^^ 

Tiie stQam serves oiie purpo;^e5jt atoihizes^^ ^ ^^Jr;? ■ 

The steam atqhiizing burner is used 'in^siha|ie^^^^ It can tu|^|^-pD^ 

grade ojf fuel With a shorter fire. 'It costs less than the 
-atomizing-bunier-ihitiaflyjf 



need for live steam to a^^^ o^'j|B| is *easy to 



pattern to accommodate the fire box, ani^RceUerit-^ixing^^^^^^ 



"^he fiame 



can be ac 



Tfe insiderinixing: type^df i^ the miMt comrrion burner used. No. 6 

oil f!iust,istill:* be" heated, but it* isvheat|||' toji'a. much '.lower de^ee 
(apprpxiTh;ately 120'' to l^O'^F). The ofllis supplil^ at • a'^essure of abp'ut 
S^j^.is.i., arid the steam pre^ure is about /20 pd^ds higheir. Live' steairi is 



ifeed to atc^rtiize the oil, 'aiid the steam ;^gcmsum]p*ioh^ W^ ^f^ry with ^ 
operating ^|ionditioris. Under ideat^; conditK)n^ 1% d||^€r<i^ total steam . , 
eenerated^m^ ^S'iised III atomization. A mor^PK^ fimre of * • 

2% to'3% ^yould bey m^ it wete much n^her«M^ -'--'^-Sf^^y-^l 

of poor operatioh.; * .r;;; , ^^PS 



In plant5f using steam atom^^^ buj^ners, pressu^^ are used on 

both; the ojl/: and; steam^ burner. pressure dif£erehti^ 

■^^tyynBen tHp oil ste 20 pounds ;^ the stejim being higfe|r^^^^ 

A^hff spread;!^^ be maintained au|^|TiaticaUy over a ||pr range a^s th^^d ; 
iiiiicteSses'orjdecreases. ' / - 



/x • . i*^^ \ ■^^S A?yB^^ Power Emirj^erim ^ • ^ 

igni^^nt:: ^^^^^^ burner. 
;^ 1|^^-^H^^ steam is'cori"irfjmed u«^ vatc^^^mg burner? 



^ 4^^^^^^ the a(iyaritages using steam atdmi2^ii(]^ burners? 
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Information! Stokers were (levelled because of the inWficiency of hand firin^and the 
' . limits of th'fe size of boilers being hand fired. As the demands ror steam, 
- increased, larger boilers were necessary. Some form of mechanical feedfng'- 
coal had to be^devised. ^ , ■/ ■ ^^'-./''ry:: 

; Cod was-the principle- fuel usedi in boilers when James Watt^Was issued a 
0 patent in 1785. The patent desmbed a device*^ that combined a^^ 

grate ii^o burn the' fuc?l, and way of ash^relniovyi However, it waj? niuch 
^latet^before-stok^rs-^ 

has an interesting sScti|h on the hStbrical developme^ 




The upderfeftd stoker shown in Figure 9-B-lr2 has coal fed in from the 
bottom as the name implies. It can be screw fed or ram fed, and it can, be 
single retprt or multiretort. Jt is used in small|^edium, and large bodlen 
by using single retort, double^retort or multiretort st * 



rs. 



Pulverizers 




Assignment 9-B-2 



Objf^ctives: 1. jflple to describe the development of pulverizers. 
2. "Be able to .describe the jtypes of pfulverizi^rs. 




it islburned in suspension 

v^; ' Ei^neers have worked with pulv(^p 




iM0^^h!- >^ . to use pdferizIS coal in his^iiis^ 

- .0^ ?^^^ cement industry waTachieving some success ;^!iyi|K coal ' 

^^^^^ r grind in g an d p ^ ^ 

^^ y^ i^fti^he mianuEcture of cement. Thomas A. Edison was 

instrumcntjd in improvements that increased the output ;Md 

efficichiy of cement kilns firmg JpulA^E^^ Hovwwr,.it^|gas^ until' 
after World War 1 that great strides^ made; vi^h^ V 
stations' became;inv6lved./;\' ''^l./' : v'"' 

The g^ulvfirizer or miH is iwed to achieye^^t - 

^'^^^P^ basic printiples ihvp^pi in - 

size reduiiiibn a^^ The pulverizers may use 

one,^tf^'OT ^ ; 

Pulveriziefs are dsp clasi^ed^^^^ a^l^aw^^ ; ^ ^ 

^ ^j. jijjgj^ spee(|i.(^ impact : |ulyen2wer:^ G 

jpulvemed a^ 

coal arid attritiari^lc^^^^ oiri.;^ach other aii^ji||ie 

g^ding sui^face of the^ m^ . '^-''^-^f^ . ^ r^^^ ^ 

f ; and 3O0#;p;m;)^a|^ 

ipl^ q^^v^ pulverizedVas] result of crushing BhA^ 



surfaces,; olnS'r^ ■' 



i5 



^ ^^:.ov€f^ire -Other. ^^^^^^ 
3. Sife: spe^d ||n(fe ni* P^jlyemihg 

t Jfe place dtf^'tb the actipi^ thejrripact of (gilxn^^ 
the cpail. QrusK^ place 

|he liner, 'aiid as th^ cc)al slldes^^ •^■the 




w^ iil ii | tf| i iwi A-M '. < at^i'j^itjai ^aiitHp» vn > »t«.-j»^.wwtt>.iA!,<iz}iyt(HilC!»vii'i 



- ri^fevV ^ ^ 



ERIC 



when selecting coil for pulveriiingvyo^ "^yst^^ . 
4. Grindability • 
2. Nloisturisi. content ,v 

. ' - .3. Rank ». ; ■. 



Most of this infonhatiot;! is obtained from a proximate analysis/ 



References: Steam Plant) Operation * ^ 

. ... , Combustion EHgjmej^^ ..-Jii . . '^'\ . ' ■ ■ "yi^ 

^^^^^ %^ \ 

Assignmeii^ 1. gngineejllib intej'ested i^S o£.pulvoriledt;co^ 

•"^^^ the^cement industry tmP^st to achieve success lit ' coal 

■ ■■ ■,; -^r^ puiPili^tion? . ■^'"'';y;.^,:,/h,'- v::;y ' 

3. ' What three basic principles' 



f^ulverizers classified? jill 

data ..must the^neineer ha^Pbefore he 



4. Hbw'arAulverizers c 
* 5/ ' Wh^f 'cm^ the^ngineer 

pulveriiiri)^ i.^ s 
;::6. What are'the advajntage||of a pulverized ftiisl|^lant? 
V 7. What are, the djysadvant'ages involveddn using pulverized coal? 



can Sekct coal i^r 



1: 




r 



i 



i 
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• ^ Gal Pijpihg, Valves^ and Controls 



As^iginment 9-C-l 



■ Objective?^. .^^^^^^^^^ 1 . Be jaSle to explain the purpose of gas piping. 
" i 6e able to descriW 



/ IJ*^^* Natural gas has become very popular/ ais,;^^^^ fprhigh-presspre boilers v/^'i . 
? ' '^WB^\ , hec^^ the introduction of strict/ ariti-p^^^ is highlyP - 

. ew^osive and toxic, and does require mtelHgeht,.!^ • 

: . V . ' lines , should be color coded jfor quick can^i||^ , . 

tested for leaks: In the event of a %as leak, you. don't .Imve time^^$Pi,|(g|!e^ 
; . 1^ ; it Avould ;s|aste valuabl^;^^^ ; 
^•t^^ Jiarg^ejVthi^ is diiie|tcr th^ volumfe^^pf / ' '\ V V > 




jssure gas service ana?l(^At^ 



e_iiecess 




^■ service is used on our high-pressure^ gas-^^ 
' - me/ns that the pilot-^musV be lighted 

antlil^teset valve mustf be^open^d by hand. After the 
tMh bl; switched 'to automatic operation 
AviU-^^^^^^^^^^^ the pressure^trpl and ]|i.e' 

^ssute-lrol/ Using Figure 9<;4-l let's g6 through a light -offi' 



1. Close the main switch that cohtrols¥;p5^v^ electric 

cc3ntrols on the boiler. " ; 

2j '.Oj^en the pilpt gas co^k (1). ;^ " • 

3./:tPu^h 'pilot ignition button on the control bq^d, and^ rhe pilpt 



W 



; 4. Open the maiiual |^ cock (2). / : ^ / ■ : *' ' , 

5; : I^ft /flie Tiand^pn 'the maIl^a^^eset safety ^riv3^pff Jvial^^ (5). 

The gas flows up to the bal^ced^ero;re3|icii^^ it ; 

is .reduced^ to zero pr^^ore 4s. i^ ^piusp^ 

-^pressme^^sj^^ (7). will ^complete an electric/circuii^as^^^^^s^^ 



as 'jlt^^rcwes''^^ tO; the; gbverhbr. The xu<^ then staft^pfe 



: ' forcii^^^t fari^ (10); Thfe mptorized air^ 



"i- 'S^v W -^^ ^n^ving 'eliectric rtqtpr * (niodulating niptbr) that ; pperattes a butterfly 

•iKi^^^ lind controlling the^ amount p through. /At 

C^^;^^^^ iight off,ll^nvill which WiU only aU 



N;-.Vv.''-i'';f;. '■ 

ERIC 



small ;amount of aku^ pass ; thrj^u the air passes- 

through the venttiri, U pulls the gas through the mijj^ec£i|r (^^ ; > 

•■0^- \ . . . the/)dx and (i^^I^erjC it Is ignited^ * ¥. 
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By. the pilot (?). AnH it passes through the block and holder (14) into the 
firebox. Seconjlary^a^^^ 

on^ the front of the burner cage. Onee\thie burner has ignited, it can be 
turhed over to automatic operation as' was mentioned at the beginning. 



Lolsking back: 



X. 
2. 
3. 
4. 



5: 



6. 



8. 



"Main_,sysdtch-controls.power, to. ill electric-tcontrols. ^ • 

Pilot gas cock — manual shutoff to pilot. 
Manual gas cock — manual shutoff of all' gas to boiler ' 
Pilot solenoid valve — opens when pilot swtich is turned - on 
allowing gas to flow through pilot gas line where it i§ ignited 
by spark from ignition transformer,' " . 

Manual reset safety shutoff — valve controlling gas to 
governor; cannot be. -opened until pilot is established. ^WiH 
close automatically if boiler goes low on water or if there is a' 
pilot and main flame failure. 

"O*' reducing governor — reduces 'gas pressure 0 p,s,i. so that 
gas will lie • dormant in line waiting for air to suck it from 
mixjector and deliver it to the burner. 

Main gas solenoid valve — located between "0" reducing 
governor and 

0 

"proves" gas at miet ot governor 

Vaporstat — located before "0" reducing governor. As soon as 
it "proves" gas pressure at inlet side of governor, it will open 
main gas solenoid and start the forced draft blower.. . 
Mixjector - where gas l^s dorpiant* after passing through "(TV .y^; 
reducing governor and main gas solenoid. ' / 



mixjector. It -is energized when vaporstat 
inlet of governor. ; 




10, Bryant flomixer — venturi'where air pressure is converted to'fv 



— higher-^elodty-^7rd-~ga5-is— drawn~in"to:^'^^^ 

tteough to burner cage. , * . ' -. "S-^' ' - f 

11. Butterfly valve -.located in discharge line frorri^ bjtewgr' to / 



It: 



4- 



omixer. 



12; Modulating motor — vaJve bpei^^ 



closing controlling high and^ow fire. 



• The high-pr'essure surface is used on our. school plant low-preflure boiler. / 
The boiler is fitted widi a combination gas- or oil-fired bu^jpr. Tl^e firing^' 
cycle is controlled by the same programming clock used fo^oil firing. The' 
gas line is equipped with: r !• 



1. Manual shutoff cock. 

2. Pressure-reducing governor 

3. Main gas solenoid valve. 
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S; Butterfly vdve^\vhich-is controlled by the* module 
; . that controls high and low fire for jgas arid oil. 

Changing from oil to gas only requires open^ the' rhanual gas cQck and 
turning the selector switch to gas. The pro-am clock will- then put the 
boiler through a firing cycle - purge, pilot( igniirionr and "then .control by. 
pressure-trol and modulating pressure--troL ; " . . . * 



References: 



Assignment: 



-Manufacturers Data Shee t 
Low Pressure BoiUrs* 



7 



■A 



1. 

2. 
3. 
4. 
5. 
6. 
,7. 

8. 



Discuss why it is necessary* to color code all gas lines. • 

What is the difference between automatic and semi-automatic boilfers? 

What must be done before a pilot can be lighted? ' 

What is the purpose of a vaporstat in the gas system? 

What purposcf does the manual reset safety shutoff serve? j . 

How much gas pressure is there in mixjectbr? ' ' / 

What does the butterfly valve control, and what controls the butterSy 

valve? / ' • " \ *^%S. 

On the high-pressj^ service, what is the reason for a slow o|)ening 

valve? ' ' * 

On the high-pressure gas service, what does the butterfly valve control^ 
and what conm)ls the butterfly valve?- 



* ■ 


■. ■ 














J ■ ■ , 














.-r. .. . - ■ i .. , 
























/ 
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' Qbjectrves: 1. Be able to ex{)laift the puT^b^orcombiustiomcontrols. 
• • \ 2. Be able to explain how the on<)% comb 

Information: The purpose o£" combustion controls is to increase the safe and efficient 
' . ' operation of a Ijoiler by tegulating: . ■ ^ 

1. Fuel supply according to jfteam dei^ ' . ^. 

2. Air supply - 

3. Ratio of air to fuel supply 



J , ^ / There are three basic types of combustion controls*. , . ^ ^ ^ c 

1. On-off operation \ 
y . • 2. Positioning 

.3. Metering 

In this lesgpn we wiU only covler the on-off t^pe. This combustion control, 
IS found on smaller types of packag;e boilers. It consists of the following 
^ pieces 6requiprnenfa|^ ' ^ \ 

^ * 1- Pressure control — This controls the operating^ range of the " 

boiler. It starts and stops the burlier 6ri pressure Hemand. 
' " ^' Modulating pressure control — This <:ontrols higTi and low fire.' 

A burner should -alvC'ays^ start on low fire and shut do\^^ 
; ■■' ■ • low fire. ■ ■ " ■.' . ■ ..i ' -■'■vv-"'"r" 

- ; ' 3. Program clock, This cpntrols the starting sequence df a 

'burner.-' /''V. ^!^|^ ■ . " •• ^' ' ■ 

when the load in crcsaseS, the burner niust §upply more fuel t 
. ' This means more air is needed for coniplete combustion, and more gases 

^ ,^ of Combustion must be released to the stack. L6t*s look at a tjrpical plant , 
setup. The operating range will be 85 p.s.i. to 100 p.s.i. Whien th*& pressure; 
/ ' in tlje boiler drops to 85 p.s.i. the program clocLwill operate putting the 

J||\ . 1 

modulating preisure-trol will start to bring the burner up to hi^ fire, by 
energizing the moclulating motor through linkage' the^ moduhiting motor is 
• contiected to the oil valve; primary air*damperv and secondary- air da^ 
* As th^ burner passes from low to high fire, the air fuel ratio must change, 
and ,it 'mi^st change together at the same time. When the boiler starts to 
pick up the plant "load and. the steam pressure starts to pick up or , 
increases the modiil^ing pressure-trol will start to put the burner back " 
tdwirds the low fire position. The bi^er will modiil^ite between high and 
/ ; Ki i low .firei^untii the boiler reaches its cutout pressure 100 p.s.i: JheV 



pressure-trol will shui : 



^Refetences: 



Ass^nment: 



the .burner_gff L and 



the boiler caDs for steam. The burner shibuld alyvays be running for longer 
periods than: it is off should fire f^r about '30Vniinutes and he off ^fbr"^ 
minutes-, not fire for 5 minutes and be off for 30 minutes, etc. This keeps 
the firebox from uneven cooling Avhich. y/buld tendi-to cause spauling of 

-J)ridc^v5^r-lc,-iT4i^^^ 
nrodulating pressur^^trm^ / • * • ' 1;- 

^SteatK^Plant-C>p€rati6nA--^^ — ., .. ..,,.,.„:V-.,.,.,^i,.l_.......,..™..^ 

Low Pressure Boilers \ . / * " " ^ 

EUmeniary. Steam t^owe^ Engine . ' . 



3. 
4. 
5. 

6. 

7. 

* 

8. 



oa a 



10 



li ; What is the*purpose of comtustiorii^controls? 
2. Whab do combustion controls regulate? 

What does til e pressiire-trol do? / . ' 

What is the function the mp4ullitin'g pressure-trol? 
Where ate the pressure-trol' a^d modulating pressure-trol found 
boiler,-and how are thty connected? ^ ' ^ 

Why are siphons needed on* pressure-trols and. mediating, 
pressure-trols? ^ . . 

What is vmeai^t by low fire^ and wj^ty should a burner start up and shut 
dowR in lo\\< fire? ^« ' ' • « 

Why is it- important to keep burners firing for longer periods than— 
^hey are off? /- - *: / - • « 

Why can't the on-off combustion control be used in' a generating 
plant?' , ' -V ' ■'■ ' ..• 

Why must changes in fuel, primary air, and, secondary ajf occur 
simultaneouslyf • \ ' ' ' • 



<5s 



Oil Controls 



riient 9-D-2 



Objectives: f. ;Be able to explain the '^purpose and function of '♦a temperatitfe . 

' ^. reigulator. : , ' < ' , 

Z, B6 able to expliain the purpose and function of a pressure regulator. 
^-^ — — « — V 3, B fcable^tft-eXplain-th'e-purp^^^ 



valve. 



---Information; Temperature 'regulation in a jfuel oil system -is usuaU)rd6ne m 

. • ~. ways. Electric heateVs can b|e used with the temperatur^^'pf the being 

conjjrolled by a thermostatic on-off svyitch. However, steam or hbt witer\ 
. lieateir^ are much more pf'actical' and cost less to operate. The temper^^ture 
of the oil is controlled by a 'thermostatic control valve in th^te^m or hot 
water line. The valve has a papillary tube and btllb connected to a bellows. 
: The bellov^rs c^xpands with a temperature rise tending to close the steam or 
water valve. In- this, manner it is possible to control the ; fuel /Q^ 
temperature— to within' a |few degrees for good atomization. It is'^also ' 
important to control' thel oil pressure in a fuel oil system because the 
amount of pressure needed for atomization*diffjers in each type of system. 
The pressure is cbntralled' by a valve that has a j^iaphragm and a control 
line Connected between t;!he control point and the diaphragm. A pressure 
' increase in the system tends to clibie the valve. This type of control valve 
" maintains a fairly constant pressiire in the system. 



ft''- 



For/saCfety and to conform^ with the A.S.M.E. Code as >4Qpted in New 
J^^^, relief safety valves have to be installed at aiy|wiat^m^ 
wnere avpressure buildup could occur. Tj^is wiU b^lSp on the dischai|^ 
^•side of jthe ^ue^ oil pump; bul ij^vvdU^be-befb^ on all 

hLStersuio-4)totect:._against^pressureJn 
//f/oullet valves closed, and (3) at any other point where ^U..could be locked 
i'^lrin and then ijeitted. Th^' regulation erf temperature, press^e, a^d the relief 
of excels pressure is "extremely inriportant in a good fuel ou system. Proper 
tempet-ature and pressure are ^essential for good; cdmbusti(>n, and ^the 



-pressure relief is needed 



for the safety of personnel and the plant. 



Reference's^ ~" Steam Plant Operation 



Elefnentary Steam Power Engineering 



Assignjn/^ent: 1. 



2: 



b 



4. 



what is the purpose gf a pressure regulating jalve? 
How does it function? 
Wh 
^ How 

What is the pu"rpo5f 0/ a safety relief? 
Where; are safety -reliyifs found in the system? 



\ \ • ' ' ' - 

lat is thji purpc^e of a temperature regulating valve? 

)w doesit functipnj < \ • - 
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SENSING BULB 



I • 



TUBING 



PRESSURE 
SPRING 



1- 



DlAP>I^AGM 



CONTRbL 
VALVE 




TO FUEt 
OIL HEATER 




:7 



STEAM 
LINE 



BY-PASS VALVE 



V 



SCHEMATIC FUEL OIL 
TEMPERATURE REGULATOR 



9-D-^2-l 
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ADJUST^BLE^ RELIEF^. VA^ 



9r D-2 1-2 



295 



91 



ERIC 



*-268 



: 1 . ' ^. Olycctivcsj 'Ll.. Be. able to describe, the. purpose of a programerV ^ 

, -'^ * . * 2. Be able tfo describe Sow a programer works. , 

■ > , The purpose of. a programer is to piit the burner through a 'firing cycle/ It 

0 -A ' will control the operation of the blower, burner motf>r, ignition svstem, 

"'■i':''''. ■ fuel valve, and modulator system^ in proper sequencqf! It will provide a 

I ■ • i ^. suitable pt^^ before igrt^^^ It is 

• further .designed to de-energize all fuel valves within 1 to 4 seconds upon 
loss of flame signal. The , programer recycles -automatically each time* the 
operating or limit control closed or after a power failure, but it locks out 
and must be reset manually after any flame failure. % ^ 



/ 



Thd^fBllowing schematics and charts should'be studied carefully. Figure 
9-^I>3-l will ^ow you the control wiryig of the^ prograijier of No. 4 boiler 
' ^ in the school platit. Figure 9-D-3-2 shows a programing sequence and what 

relays are energized during the, sequence of Operation. Figure 9-D-3-3 
will help you identify th« cajn assembly and relays in Ae progrieaner. 

i References: how Pre^ssure Boilets \ 

I ■ ' A;^ Fireye^/Bulktin CPS 22 - . ' r - 

V S . : ■. . • " ; . ' ■ ■ , : . ■ - ' ■ .''^ *■ ^ ' , ^ 

V Assignment: , 1. What is the purpdsie of the^ pjogranier clock? 
I ' ,/2. A Describe how Jt puts the burner throllgh a 

%/>^Wha^^ . • ^ . 

. . \ '\ 4, «;'?What will happen to- the main fuel \8alve^if the pilot is not proven? * 

^ \ ■ . ■ ' 5.. Efcscribe th^T locatjon an^ operfition of^he foUowing:^ ^ 
t ' r a. Master reky RL-1 . . ^ ^ 

" b. Flame relay RL-2 * ' . ^ ^ 

c. Lockout switch RL-3 . . 

, - . 6. How long does it take for the programing timet to .reach No/ 2 on the 

timer indicator, and wh|L^ is happening in the p^;o^am 
\ V V , 7 . ^ What purpose does a ^post purge * serve, and ax;"what point in the 



sequence does it take 



Aotomotic Comb;n.ation ,Go,» r .Oll B^rhir Niimbw i Oil 
Cos Electric ignition * 
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•-.TIMER 1 - 


. TIME 

' inT 

SECONDS 


• ^ * i ' 
EXTERNAL OPERATION ' 


; CONTACT OPERATiph{ 
FLG., 20 AND 2.1) ' 


_/ 










STARTUP; Limit swiccti iind operating control 


0'- 

* •> 










■ . r' 

■ f y 


'"Bprrhef/bldwerThbtor'i^a^^^ ^ 

• • •<IUII ■ lilt A IlliCf 

Modulator circuit is rn low fire position. 


•Kelay^RLlW err cr^u^^ 
Contacts RL1*1, 3i'^uid»4 
c/oie,^ RLl*^ Qpet^, , » 


■ 








. 12 




* Cam ^fMtacts, K>2 c/o5e, ' . 






; — 




— K-^l-opem-; — ^ — — -■ 






/ 




PiJIot valve and ignition. transformer on. 


Cam contacts K2-1 close* ^ 
Relay RL2 is energized 
CoQtacts RL2-2» 3i and 4 c/oje, 

':-RL2-"l:^optfn,- ' : 




2 ; 


t 


40 


. Main fuel^valve opens providing pilot flame 
is detc^ctcd*/ «w » » ^* 


, Cam contacts Kl-1, 2 open,' ^ ' 
: lCl-3 clo^e* . ' i' 


» ■ * 


55 


P41ot O^^ fif eOnn&rr&A Ttf»rfrii nnl ' 

Modulator circuit" switches to operating 
position. . p ' 


Cam contacts K5-l» 3 open, 
K5-2 c/ose. 




100 


Pilot off (if connected to Terminal 6)i * 


Cam. contacts K2-1 open. . , « 


- , -dot" 

■"' . • r ■ ' ' 


105 


Programming "Fimer stops\ END OF ' 
S>ARTUP. ^ . ' ; 


Cam contacts K4-1 open. ' ' 

. ;i t-1 . 










NORMAL FIRINGS PERIOD 








' ; ' 


1 




SHirrbOWN: Limit irwitcho^operaang^ 
' contrdi circuit '(7p6n5* ^ ^yt> . <■ 




• 


P 

in 


' Main fuel' vialve c^o505* ' - 
Programming. Timer starts* r- * ^ 


Relays RLl ani RL2 are deenergized* 
Co'ntacts'RL 1-1,3,4 open, Rl-1-2 close* 
RL2-2, 3, aitd 4 open, RL2-| c/o>e. * 






/ . ■ ' . . .' ■ 


Cam Contacts K 1-1, 2 c/o5e, K 1-3 open. 


• '.. v „ ■ / • " 


7 


Modulator circuit switches to low fire 
position.' ' . ' 


' Cam Contacts K5-1, 5 close, K5-2 open. 




15 


Burner^blower- motor ^^uts off* Programming t 
Timer ;s/Qp5. £ND- O'jF SHUTDOWN* 


Cam Contatets K3-2 o^»n, .K3-1 


,close* 


' * * .' 








.y ; : . . ■ . - ; 








, - - \^ ' TYPE^ 


26RJ8 


OPERATif^ 

•CONTROL 

-.'ON-.- 




- MODEL 


1008 - 




.- . . 






» • , I TRIAL FOR IGNITldPf . 

.■ 11. L. o,.^..- - ' - 


OPERATING 
CONTROL '■ ^ 

NORMAL • 







PROGRAM^ 
I 



GRAM^ING f IME "1 
N SECONOS J . 



vIlMER 01 AL 
INOICATION 




PURGE 



7 • 



BUBttgJR.. SLOWER. MOTOR ON 



PROGRAMMING TIMER ON 



TIMER ON 



PILOT IGNITION ON (TERMINAL 9) 



PILOT IGN ON 
\ I MAIN 



FUEL VALVE OPEN 



MODULATING MOTOR CIRCUIT ( DEMANO POSITION) 



PROGRAMMIN§^ SEQUENCE WITH PILOT " IGNITION 
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objective; 1. Be able to expljiin the basic prindples j^^^ the 
combustion equations. * ^fP ' " i * . 

Inforjonatioal^ Combustion may be defuiei a^ rapid union of oxygen vvithj;^^ element 
^ s^K./ or compound which evoluyon of heat/ An example of 

y-'. this is when ithe elements ^ i^^ 

produce hea^. The elements in the fuel ^a^^ ! * * 

' ' :'; ^ "'ov.. a.. C^bon , ; f ' ^ 

■ b. Sulphur . . V' ^ ' * " 1 ■ : 

^."Z ' ■ Hydrogen • •. .• .. 

. d. Oxygen . i> 

■• ..e. Nitrogen,^ » \ j ," ■"^■■'.vg^ ', ^ 



Oxj^en will support combusti6ni i>ut it|is not^^ a^^ 

Nitnogen is neither combustible nor a supporter jo^ Carbon, 
hydrogen, and .sulphur are the combustibles iW a ^el;^;tj^^ 
^ ^the oxygen from the air to form compounds of cbml^t^^ When carbon 
combines witH oxygen, it forms a^co.mpound!^^^^^^^ monoxide or 

carbon dioxide. This can be shown >yith - the fdilp>^ 
^ ".rV equations:,, ■ , " ;/ -.gi-- . -, ■ ^:,:^|;^^^..., ^'^ ; .: ■ ■ 

■ r-. > ■ :;;'2c. + 02 ;-» '200 + peat r^^^ V^W,. - 

; • . . C + O2 /f ^OQj + Heat - ' ^ , 

When sulphur combines Avith oxygen, it formsj sulphur dioxide: 

■ , ■ - ) S + O2 SO2 +|Heat • 

■ ' ^ '• ■ . -'.v . ' ■ ■ ■ 1 • ' ' 

Hydrogen combines' with oxygen to form water vapor as follows: 

2Ha +02 => 2H204iHeat - 

The above reactions are taking place in a fui;nace during the burning df a- 
fuel provided thete is sufficientlj|r (oxygen) to- burn to completion. 

: ■ ■ /m-/' • ' ■ 

Reference: Steam Pimmjpe ration 



Assignment: 1. What elements in - a fuel will combine -with oxygen during the 
combustion process? ' 

2. What elements will not combine with oxygen? 

3. S|iow the combustion equations for the combilstion process-of a fuel. 

4. What^iure the end products of combustion? 

v .5. How would you know if you >yere binning a fuel to completion? ' 

" . 273 '■ m' ■ ' ■ • 



• Types of Combustion 



Assignment 10-B-l . . . 



/ 



Objectives: 



Information: 



1. Be .able to describe thd types of combustion taking place in th(?; 

/ furnacie of a'fcoiler.' / • * , ^ '''i^^^'-- 

2. Be able to describe why it i|f necessary |p be able to control tBe;;;: 
combustion process. . V . * 



In order to understandvfomb 
when burning fuel, it is nece 





ion and what we are trying to accomplish 
to discuss some terminology. 



lary air -7 Air that wiU control the rate of combustion, it • 
is the aniourit of fujffl you caii bum. . ^ 

Secondar^ air — Air that will control 'the; cpmbustioni|^ 
fficiency/ it cbntrols'^^^^ well you bdrn the fuel. ■ ^ ^ 
Excess/air — Air^that is applied to the boiler that is extra. It 
is abpve the theoretical amount needed. ./ > . 

be classified or broken down into three 'Catagories: 

Perfect combustion — Buniing yall the fuel with only the 
theoretical amount of air supplied. This can never be achieved 
in a boilen*oom. It -is^^ in a i*lab >yhere the 

combustion procesi cjui* be carefuUy -contra 
deplete combustion *- B^ the fuiel with the 

proper amount of excess air supplied. This is what we strive 
for in a boileqroom. V^fe want to bum all the fuel so that we 
do not add pollutant^ to^our already pollutea atmosphere., 
Incomplete combustion,— All the fuel' is nqt buiyied for one 
reason or another; it ^results in ^tfee ^fbrmation of soot and 

smoke. " , 

■ ■ . *. ■ • 

I It is the operator's responsibility to be thoroughly familiar with his 
\ejjuipmea|: and the combust'^ib process. Many states have passed lawj^ 
limiting the amount of sulphur <rontained in fuel oil. ^his cuts down on 
the sulphur dioxide that is discharged with th^ g^es of combustion. By 
carefuHy controlling the combustion process, v^^e eliminate, soot jpxd smoke 
from being discharged by our stack, ply ash/ small light particles of ash 
that normally are.. dischai^ed with the combustion gases^ is handled by fly 
ash precipitators. Thfese precipitators trap iand hold it so that it may be 
Tclispose3~of^ ' ~ " T*" 

Fines are being levied gainst ^buildings ^lat do not conform to the 
anti-pollution laws. It may be against the law to discharge smqjke, soot, or 
fly ish into the atmosphere. The flnes can run into hundreds^of dollars in 



many states. 
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3. 



icomplete combustiongiv \ ^ V i 
Why do^you think perfect combustion .is not possible in a boilerrbom? 
What would result if ^u were^ling more excess air thaa necessaxy 



1 jm-.i 

■■]■■■ 







*1- ^ . ' 

-IVbcess of Combustion 


: ■,' ■'[' I. ; ■ - ' ' -'Assignment. 10-C-l 



Ofejectives: . 4. Be able tb ex^la^ the combustion ° ; > ijp ' 

2.^ Be* able to explam what is needed for cornplejte combustioii of oil, gas, 

■■^\ ■ ■■ ■".•and coal. ^'y \ " . 



In Assignment 10,-B-l on, types of combustj^ri, we discussed^ 

a. Pnmary air , ; ^ ; • . • 

•, b* Secondary ;air'^ ■ v .♦■ V"""/*!;;--" 

... c- £xce$s air ^ ' ;V.'"^:.. • •* 

" d. jPerfect conibustidii • ; ^^^^ - ; 

Vj , e. Coniplete combustion ;,^v/] *v 

^ , . . ^ f. Incjmplet^combustion * : V 



We*alsb" said-»that our goal is complete conibustibh; wlydh is;^^^ 
' all the fuel' with^, the proper' amount of exc^ atf^^in order to ac<So^ 
' this, we need fpiir things^ You can bestj remember t^^ word^ . 



7- Proper mfjc/ure^^ o^^ 

be cdntroUiea- a^^^^^^^ rates/ High fire when ypu burn the*^" 

\ \ maximum^athourits lof 'oil wo^^^^ air thsm when 

- * the burner low' . " x - r ; 
A — ^opex: fliomization of fuel. This breaks up fuel into , small . 
: particles' to bring it in more intimate contact with the air. It 
impro\fes;;combustipn. '3 # : 

T — Proper;,temp^r^JtMre. ' Air, fuel, and zpn^^ be 
^ maintairied in order to achieve complete cpmbustioni. 
T — Time ,.to^ complete combustion. The combustion process must 
be .completed before the gases of combustion come id contact 
with the heating surface. 

tsfqte: You should remember that the heating, surface is where* 
.thpre is water on one side' and gases of combustion on the 
1 ^^/.other. ; > / 



If the ga^es of combustion come in contact ^with the heating surface 
before if ombustion is complete,* they \yill cool and cau^e the formation of 
soot aod/smoke. 



ERLC 



4. 



We spoke about the air needed for combustion of fuel. It is the oxygen in 
the air that is nieeded. Air is made up of approximately 20% oxygen and 
80%:vnitrogen, nitrogen does not enter the combustion process. Let's see 
how the combustion process takes place in an actual furnace. ^ 





Co^Twheii fired on a grate is po^us enough to dlow air to ^pas%.^^ 
the c6al bed,' thus giving intimate contact betweeh||j|^.^^f^^ the air. 
With some tiypes of coal, it.is xieciBSsary to introduce^^^^^^ obtiain 
complete combustion, or the proper air-fuel ratio. The .^|pp within 
;the furnace is niaintained iat approximately 275b[F. In order to have 
sufficient time to-'conripleteicombus'tion, it is hecessairy torhave^ t 
fiimace volume. Wherv^ coal is burned in^suspensiorii such as in pulverized 
coal» installations, heated air is introduced into the/rfumace witH the cosl. 
The remaining air necessary for complete cbmbastipn is blown , in around-' 
the burner to insu^ proper fuel-air ratio. The tenlperature of furnacesu:hat 
burn coal m suspension is^ approximately 3000?P> When buri^iiig coal in 
this manner, the fumacei volume is relaftiyely-lai^e due to the high fate of 
combustion taking place. Fuel oil is; 'buniedxiiri^^f^ 
pulverized coial." Oil is introduced in a conical' patterned* spra^ 
blown in suroundVit^ The correct 'fuel-air ratio can be easily' rtiaintsd^ 
Th^ furnace temperature is somewhat lower thatp. vvdth 6pal; it is usually 
about 2500^F. Gas can be readily mixed with : air to <ibt£un proper air-fuel 
ratio and intimate ' contact. With ^the ;prope^^^^ vblumei^t is only . 

necessary to n^aintain proper furifiace temperati&ev^ is. slightly, below 
tliat of oil. 



As yqu^can see*;* complete combustibn mist satisfy aU four conditionsf-^ 

^v" -v-; Mixture' ■ • ■ ■■ . "^-.^ - . -.-/'.-t-.. \\ ' ^Z-' 

Atpmization - W . - 



• - ^emperature 




Reference: Steam Plant Operation 



Assignment: 1. WhatMs meant by complete' cpmbiistion? ^' 

2.. Disciiss ^hat is meant by M.A;T;.T. " . ' ■ . : " . . ^ 

- 3. What will result if the gases of combustion come in contact ^with the 

.V * heating ^rface before, the combustion process is completed? . 
* ' * must^he oil be atomized?_ _ : . ' ■ > ' ^ 

5.^ W}?at-4S the chemical .compositior\.olF air^ What happens to .thesev 

!* .. ; ' chemical elements d^ring the combustnpri process? V 

■-■■^y-^^W'-' 6. Explain in" your own Word^ what takes place in a fiumace aftewft 

•liyi* ; ^ 'fuel is introt4uced.> \ ' ^' 



\ >"V. 
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Combustion Gas Analyzera 



Assignment lO-D-l 



Objectives: \\ .Be able to explain the purpose of combustion jgastahalyzers, 
2. Be able to explain how a combustion gas analyzer functip^is; 




linforjiiation: From your previous units, yjou shpuld have a working knowledge b if 
* combustion and whatttis needed for complete combustion, but ju5t to play; 

•it safe, let's go over a few terms. *^ ! ^ . • t 

^ Perfect combustion— the burning o£^^l the fuel using only' the 
theoretical amount of air. This can never be achieved in ^ a 
■; 'boiIerroom, : ':*'-.''i.:V ' ' " - ■ , 



S 



'Complete combustion — the burning, pf all the /uel usiiig 
proper amount of excess air/ This is What we try 'to dd in industry ^ 
^ as well as in-oiir boilerrobm. ^ ^ > 



.^j JtocQmplete, combustion when airthe .fuel is ndt burned f5r one 

. .-reasdiitof anotber. ' 



'(^2^ cs^y$n (dioxide which in flue "jgas is a sign of Complete 

■cbmbustionJ'^'''-. V""'. \^/'-. ': . 

CO carbon mdr^oxiEe which in flue gas is a sigh of in^ v.* 
'combustion.*"'; 



O2 — oxyjgen which* would be fa sign, d.f excess air. . / 

• ; . ■ . . ■ .'^ . ^ ' ^. V ■ ..- ■ ^ ' ; , . ■ ; '.. 

Now it stands to reason.' tjiat there must, be some way to determine just 

how efficiently we can bum our fliel. This can be done by analyzing our 

flue gases, with an analyzer to determine the following: . 



1. Amount of COj (carbon dioxidl^) . 

2. Amount of CO (carbon, moqoxide) 
-3- —Ainpun r^of;©^: (oxygen ) " " ; ^ ■ 



The simplest flue gas analyzer is one. that measures only the percentage of 
carbon dioxide ' (CO2 ) in the flue gas. It operates in the following manner: 



1. A sample oT flue ga^i^^^ ^ ----- 

CP . 2. The analyzer is inverted so that the sample can readily mix 
with a carbon dioxide absorbing solution. 



505 



3. The absorptibn of *the gas into the isolution increases the 
V voliime * of the" sbltkion ^ and gives ' a direct reading in 
percentage of CQj. ^ " % . 



' . . If tha {JercentageV of carbon d^^ 

V known, it is possible to firic^ tlie cornb^u^^ 

^ calcuktor that is supplied \^th the a^ * , >: • /J 

A more jcomplete gas ar^alysis can be titken with an andyzer that measures . 
^ carbon dioxide, carbon ^mono^de^^ and/ oxygen/ It f 

* * , following way: - " ■ / \^ ■ 

~' "V ■■. •• ' ■ '. •■■ 

V* .. ' . . ' 1/ A sample of flue gas i^Jt'sJ^n into a burette, and the volume 

;^ . : " . ' " is carefullyvmeasuredi Let xls say that the volume^is d.O O..CC 

; The .gas is ihen brougHtX^to^ 

• • ' .^^^^^ ' V ^chemicd which 

* ■ : V / ;i^;tjii amount^of 





^he 'next chali^p^^^p^p^^^ 

lj|e sample i|5^^^J^^^^s^^^^gh while the ^oxygienv ist 



■ ■•;al^sorbed/^'_. ''^^Wp'* ^ ' ' ' ^ ■ - ' *• 

5; ^he'^amp^^ is ag^^^rekstired to determine the amount of Oj . 



♦ 6v -Tljl^l laS^ chamb^^ffcsorbs the carbon morioadde^ a^ gives u;g 

. ou^^iast^ead^.^- ■ '■' -"^ . 

.... ' : . f 83.C.C. - ^81c.c. ^ 2%CO :- " 

7ij^* Th^,^rtTiQ,urit that remam that wa^in the 

\ air Aised forp combustion. » ^ / - . 

V ■ t Vl ■• ■; *.* ■ . ..„; . - ■ : .-. '■ • ■ ■. . ■ * • • 

Our fmal analysis Sj^^^^ . * ^ ■ .v .- 



... -v:' 



carbon' dioxide * ■ 13% 

; ^oxygeri; ^/ ; : 4% 

» ' carbon iripnpxide' 2% 

^ 1 : v; ^itrogeiii /^^^^^^^ 81% 



From this analysis, it « to find the amount of excess, air that is to 

,|>e used in the combustion process. -"^^ * * ' 1 



References: Steatn Pl4nt Operation 



Elementary ^ Steatn Power .Engineering. . - ' , 
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^ ; Assignment: 1. f What is COj ? What does it mean in your flue gas? . ' 

2. ' What is Cp?: Wliat does it mean in your flue gai? . ^ 
^^3r-~ What ^alyzer measures . .. • . - 

Describe in detail how you use a CO2 analyzer. i|§ 
J ^ S-NlHow would yoi be able to obtain a complete analysis of your ilue \ 
jas? Explain in dbtall. 





■ .) ■ ■ - 
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' Excess Air Calculations 



Assigiment 10>D-1-M1 



Objectives: 1. Be able to use- the results from a flue gas analysis. ; 

♦ 2. Be able to calculate excess air used in the conibustion jprdcess. 
• 3. Be able to determine the correct amount of excess air^ have wheii 
burning coal, oil, or^gas. 



Information: Frqn^ the results, of the 'flue gas analysis found in the last lesson, it is 
possible to find the percentage of excess being used in the combustion 
process.The percentage of excess air over the theoretical requirements caii 
be calculated by the following formula: - ■ s^,i .. 

O2 " Ytco 



% of excess . air = 



.263N' 



Let US find the percentage of excess jair using the following flue gas' 
'^aly sis results: ' ', .* ■ ■^\■:'^^■i^C■■■■:■ ^ 



Gas 



No. 1 



No . 2 



J': 



CO2 
. . O2 
.• CO 



.13% 



12% 

;''::|6%', 

.6% 



2% 

>81%iiL 81;4% 



Example 1 : % of excess air = 



.263N2 + %C0 - O2 ^ -^00 

^' 4 - jVi X2) V ■ 
(.263 X 81) + {Vi X 2) - 4- . 

4-1 



21.303 +1 - 4 

300 
18.303 

■■■ i 

16,39%; \ 
Oi - ^CO 



X 100 



Example 2: % of excess air = ,263N2 + V^O - O2 ^ ^ 



»5H 



6 - (Vi Xt.6 



(.263 X 81.4) + {V4 !k.6)%6 
' 6 - A 



X 100 



'21.4082 + .3 6 . 
570 



V15J?08:^ 
■36.28% • 
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The amoui]it of excess, air heeded will depend to a latge degree upon the . 
„ type of fuel i:>eing bied and how . it is bfeiiig burned, 

' ■ ' ' ': ' • ' . -r 

' Obal biimed oh a grate will require 50% id 75% excess air. Coal burn^ in ^ 

kispension ;^ in a pulverized coal burner wiU require 20% -to 40% excess 
r-^'^^air. Oil will need 10% to 30% excess air, an4. natural gas will need only 
•to 10% excess air. 

Remember, these are average values and good combustion will still de 
upon M-A.TX ; 



References: 



Steam Plant Operation 

^Elemen^ary Steam Power Engineering 




iment; - What is t}\e value bf the results ol;itained from a flue gas analyst? 
• : 2. iFind the percentage of excess air from the foUoWihg data: 




Gas 








CO2 


13.5% 


15^% 


13.7% 




. 5.52& 


4.7% 


3.5% 


CO 


6.0% 


0.0% 


l,i% 




81.0% 


80.1% 


81;0% 











3. Wh^t are the average values of excess air needed tp burn coal, oil, arid . 



gas?. 
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O>mb.u$tion of OU; Coal^and Gas . Assignment 10-E-l 

Objectives: 1. Be able to descriKe how the combustion of oil takes place in a steam , 



bqilef furnace; ^ 

Be able to describe how the domtustion of coal takes place in a steam ^ *' • 
^ boiler furnace. , ' ^ 

3. Be able to describe . h<ow tlte.. combustion of gas takes place in a steam 
• boiler fiimace. ^ 

, . - " . ■ . . * ■■ ■ ■• ■ 

■ . , ■ ■ . • • . J . .■ ^ 

Information: The combustion of 6il,in a furnace depends upon the burner being able to 

deliver the correct quantity -of oil, properly atomized' and at the qprrect .v . 
• ter^perature, for l^urning. The air is introdniced in a definite rotary fashion 
\ . " : /to mix with the oil in sufficient ^^^^ 

furnace temperature must be high e 
, to go to completion (usuaUy 250p^F.). '^ 

' ' ' be large enough for the complete combustion of aU the gases before they 

enter the first: pass pr touch tile h^ 



p . • when burning coa^ there are two possible wa)» it can be accomplished — 

^ ^ . ' on a grate or in -Suspension. Haf<I or antHracite, coal ^ 

■y'-'P ■' with a fuel bed ^2 to 5 inches deep. Air is introduced under the fuel bed 

.. y , V and, is 

,1'he greatest difficiiky ehcountere^d^ 
- \ ' r- feed;.then the air will pass through without combining with the, fuel. 

Soft- coal,, or bituminous coal, when burned on grates has a much thicke?«^ 
I . ^ , fuel bed than hard coal; it requires air to be intSduced^ver the fire as 

. , .-^ well as under it. Becausfe of the large amount of gases t^t are released 

from.i>the Jfuel bed and the combustion, that is taking place over the bed, a 
much larger air space is needed over the fire of a soft coal fire than a hard 
coal fire, llie proper temperature has to be maintained in ^th cases to 
have vtomplef;e (Eombustion. When burning bituminous coal in suspension, 
. , it first hais to be pulverized into a fine dust. The dust iS inixed with 
heated air as it passes through the pulverizer; then it is blown into the 

% _ . furnace to burn in suspension. Sufficient secondary , air is introduced to 

' complete combustion: Temperatures are relatively high jn this furnaceJ If 
conribustion is not completed before reaching the' first pass, slagging of the 
tubes could result. The furnace volume is large because of the high rate of . 
. 'J- . combustion. Gas burners are. of two basic types iair mixes with the gas 

gas-air ratio is maintained, and good combustion is obtained with a correct 
furnace temperature: the volume of the furnace must be large enpugh to 

allow complete combustion before the first pass. , 

■ . * • 
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;^jfin;ences: Steam Plant Operation^ 

. Elementdry Steam Power Engineering 



^Assignm 1. How is oil burned in a furnace (in detail)? 

' . « 2. How is coal burned: in a fiimace (in detail) fb^oth soft "and hai%l 

: • .■ coal?" ■ ■ 

^ 3. DescHbe what happens during the combustion of gas in* a furnace. 
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^Ftirhice Volume 



\Assignrhent lO-E-2 



'^^^■ ■^ ■ 1- Be able to describe the importance of proper furnace volume on combustion. 



jectives: '1. Be able to describe the importance of proper fi^fnace volume 6n^ 
combustion. . * # 

^7 — Be--able^o^etermine~the^mpunt-of-furna^e--volume-needed-f<>r-^- 



given boiler output. 



bifoVlnation:. The design and shape of a boiler .futnace depends_ upon; the .type of fuel 
^ '\ . ■ ^ that is being burned. Q^er factors to be taken into consideration are: 

^ . 1. Natural or mechanical (draft » 

. ' 2. Refractory or water-cooled furnaces'. ' » ^ 

3. Rate of heat telexed from fuel 

. V In all, cases ai^ under ^1 load Cjbnditions the fuel must cot 
; combustipn within the furnace space. When oil is Fired under natural draft 
conditions, 1 cu. ft. of furnace volume is needed per rateid boiler 
horsepower. Only .75 cu. fu of furnace volume is needled when^mechanical- 
draft is used.. ' 




Stoker' firing of coal with'a refractory furnace requires a furnace volume ' " 
oif 2^25 cu., ft. per rated boiler hbrsepo\yer. A funiace With 
water-cooled walls would need only 1.5 cu. ft. These figures ^e average ^ 
values because there are many types of stokers in use. ^ ; 

'Pulverized coal without a water-cooled furnace requires 2.5 cu. ^t. pj^. 
rated boiler horsepower as compared with 1.4 cu." ft. for a water-tooled 
fiirnace. " . - 



A natural gas furnace required 1.75 to 2.00 cu. ft. of furnace volume, per 
rated boiler horsepower. Furnace efficiency is affected by furnace yolume 
and the' amount of heat that can be released. within that volume per hour: 



Referen«s^ J^^Sfeam Plant Operation 

' , ' i Elementary Steam Poiver Engineering 

Assignment:. 1. Why does the furnace volurne differin various boilers? 
- ^ 2. \How much volume is needed when' burning: 

\ ■ ; a. Oil. ' ' I : . ' 

.b. -'.Gas ■ \^ : r ■ 

■. ^ V ■, ; c. . Coal' •■ / ■ . ' ■ 

*3. 'in boilers* that use more than one fueU what would determine furnace 

volume?' ' " ; ; / ' - 

'4. What should: be the furnace volume dnVthe^o. 3 boiler in the school 
©'.plant? ■■ • - •■' ■,' .. , • _ , :•. ' '.'y':- ' .:■ 



. Po^nd5 of Air Per PoUnd of Fuel : Assignment lO-E-3 v 

^ . ■ . '■ ■ . " ■ . . : • ■ . . 

objectives: 1. Be able to calculate the theoretic|J^^ounts of air needed per pound 



o 



ffiiel. • -^^^ 



2. Be able to calculate the theoretical amounts of oxygen needed per 



I pound of fuel. ' ^ 

Information: The chemical composition of a fuel is basically: 



nitrogen. ash *. 

oxygen sulphur ^ 

. carbon^ hydrogen 

If an ultimate analysis of the fuel is used » the percentage of 'each element 
tin the fuel||^an be found. From this analysis and the use of the following 
formula the pounds df air needed per pound of fuel may be found. 

. ■ . i ■ . ■ . ■ ■■ ■ . . • • - f - 

Ibs'air/lbs. fiiel = 11.53C + 34.56(H - 0/8) + 4.32S - 



. ^ - Note: This is the theoretical amount of air required. It is necessary 
to provide excess air to have complete combustion. The 
' percent of exces^can^be found by the formula used in 

Assignment lO-D-l-Ml. ' | 

V Once' the pounds of air per pound of fuel is lmo.wn|| 
* ■ pounds of oxyg^ih present by dividing by 4.32. 

Example: Thfe mlSm^^ of a fuel is as fd^ows: " 



'^carbon 70% Jf oxygen 8% .jZ' 
hydrogen 7% sulpTiur 
nitrogen 5% ash 8% 

.s:.Find: : a... . pounds-^oE^air/pound of fuel ^ .^^.^.^ - - 

b. pounds of* oxygen 

^ life, air/ lbs. fuel =11.530 + 34.56 (H - -^§^) + 4.32 S 

. =11.53X.7 + 34.56(.07-^ + 4^32 X..02 

r , = 8.071 +\02419 + .0864 .• 

8.182 pounds of air 

-■314:.: 
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* iL '*-32 %,air = 1 lb oxygen 



■■■:fr 



'= 1.89HbrT>f oxygen 



Procedure: After having read the iijformatioa^ the sample problem, do the t \ 



I foli(5wing'assignment. -^^.r. " 

Assignment: 1- The ultimate analysis of a fuel is' as follows: 

^arbon I ^ " 65%^ ^"~V'7^oxypir"'~~l"l^"^ 
/drogen 6% v sulphur 4% 

nifKpgen ^ 2% s^. .ash ^12% 



Find: ajjOTv of air/lbs fuel 
1^ ^ ' l]Pibs\of oxygen 



2! The ultimate anldysis of a fuel i& as follows: 

(farbon \ 61.5% oxygen ' 6:29S 
hydrogen 6.8% sulphur 5.6% 

nitrogen : ' 3.4% ash : 1.1% 

iFind: a. 'lbs of ' air/lbs of fuel ^. 

b. lbs of oxygen , _ . 

3. The dtimate^^analysis of-a is as follows: 

carbiEfer^ 85% oxygen . 6% 

hydrogen 5% ; sulphur #.1% j 

^: nitrogen ^ 2%' ash v 2% 

Find:^ a. lbs of air/lbs of fuel 

b. lbs of oxygen ' x!^. 



4. The ultimate analysis, of a fuel is as follows: r 

carbon %8.86% oxygen 1.95% 

\ ^hydrogen:: 2.04% sulphur .35% 

V nitrogen -9% ash 5.9% 

, ' Find: a. lbs of air/lbs of fuel ^ 

V b. lbs of oxygen 

5-. A"^ plant is using a fuel that requires 14.5, pounds of ait per pound of 
s ' ^el. It bums 780 pounds of fiiel per houir. 
S. Findt a. lbs of air needed 

.^ ^ b. lbs. of oxygen needed ^ 

20% e^ccess air is needed in the above problem, what ''are the actual 
air and oxygen requirements? , 



Pounds of Steam Per Unit of Fuel . Assignment 10-E4 

objectives: 1. Be able to calculate the pounds of steam generated.per unit of fuel. 

• 2. Be al)^e to explain the, purpose for calculating the pounds of steam per 

^ * unitoffuel. . ^' - 

i 3^ JBc able_to^explain the reasons for mam a nmniHg rftrnrd-of the_ 

J* , pounds generated pi^r unit of fuel. . - 

Jtofotmation; _ buring„j:he_day_ to day operation of a steam generating plant, it i s not 
always' possible to obtain a flue gas analysis at any given time. This is true 
evem though some plants do have continual CO2 and P2 , Recorders. But 
even if it was possible to obtain the flue gas analysis, it is still only going 
to give you the condition of the Combustion process. 



A much simpler analysis that will consider overall boileif performance is in 
practice today. TTie number* of pounds of steam that is g^6f ated from a, 
boiler oyer a given period of tinie is ; divided by the amount of fuel used 
during that period. . It* could be in pounds of steam per gallon of oil, 
. pounds of steam per pound of coal, or even pounds 0$ steam per 100 cu. 
, \ft. of gas. With a day to day comparison it is possible to determixie boiler 
^performance. If the values start to drop, you then have to ^ find out if it is 
due to combustion or/ heat'transfer within the passes. This -method is only 
effective for steam- generating units withr relatively constant feediiKaU?^ 
temperatures. ^ - ■ 

~ \ln a coal-fired installation the reading from 'the coal scale is read e>tery 8 
' : . hours, and the steam generated is read on the 'steam flow integrator at the 



ti 



same time. 



Pounds of steam __ Total steam/8 Hrs. 
-Pounds of coal — —-Total coal/8 Hrs.-f 




When tising oil, gallons are used instead of pdtinds of fuel*, they sure read 

directly from the fuel oil meter. ' 

. . ■ -"- '^ V ■ ' 

Pounds of steam __ Total steam/8 Hw. 
G of ofl -j;^^^— gjgi^^ 

* With gas the calculations art based per 100 cu. ft: ^ ^ ^ 

Pounds|of steam _ Totfal steam/8 Hrs. ^? 
- 100 cu. ft. of gas Total cu. ft./lOO gas/8 Hrs. 

'■:}. . . ■ ; ■ • : ' ,..0. ' '. • . ' • - : . . ■' 

; \ . It is also useful to find out the pounds of steam generated per unit of fuel 
M , • • ; * over one-hour periods on minimum and maximum loads. 
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If- 




. ■ Blf ^ir^ of steam generated 

,; -^hit. off fuel, it is possible tp;*i detennine daily 'boiler per forAancet- 
■ " ! i^'/Whli^' has ^direct bearing on boilerjefficie 

'. ■-■f^' N<pJ^v ^/ ^^o'^i"^^? <:6mparisc|ns with other steam generating units 

' ■ 10 . '^C^L ■ /are (the same'. : .ri'- 



1 at 

• /I- ' 

Assignment: '^i . 



:i -fr, > 



^ _ WHy^Mot you think it is ri^^cessary to know hoW to find the pounds of 

vl • ■ std^ generated pe^'iinit^ \ . „ - ^ " • - . • 

2. P^ji^^do you find the pdiihds' of steani generated per ^^^p 

3. Wj^^is it importaijf to maintain a daily record of stejim^ne^ 



compared to fuel us6fl?. 
4. Explain what steps you would take to deteirnune what the problem 

was if the pounds of steam per unit of fuel dropped down. 

' ■ ■ ■ # ■ ■ • ■■ ■ ■ ■■" . ■ ' ■ ' ^ ' ■ ■ : ■■■■■ ■ . ; ■ ■ - \ , 
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: ^ Objiectivcs: 1/ ?e abl^to describe.how a diffefential p^^^ .M 

^ / . . 2/^ r^^^ describe '- h a differential pressure flowmeter is 

: ■ ; - : ; \ . ' ^ cprtstructtfd,; ''. ^ 

^- ■. * \ ■ ■ ■ ^ ■ • • • . ' ■ ■ ■ V. 

. Information: J^^^NVmeters are used to determine t flow, which is the amount 

^ * ^ • . , of fluid that flows past k given ipoint at any given instant. They are used 

Hp! * ■ ' . _ for aire, water, steam, -oil, gases, and a variety of other fluids. In order to 

measiue^ate of flow' by differential pressur^, there m^^^ 
^ ' creating two different pressures/ This can be d6ne by placing a r^sstrictibn 
in the pipeline to force the'^fluid through a reduced area^ There are three 
ways^icin/ whidfi this is done. The /simplest pipeline restriction*for flow 
i ^ ^ metering is tro orifice plate \yhich, is a thin, circular metal plate with a 

p .hole in it'. Depending upon the fluid to b^e measiired, this will determine ; 

. * the kind of orifice plate to be used. 

i.^.' " . " ■ •'■ • •'*:■ •■. • ■ ■ y/'-- ■ " , "r''-^ 

A second more accurate method is ^the use of a Venturi tube, which is a 
.* speciaUy /shaped length of pipe' resen^ftm funnels joined at their 

- ^ • smaller openings. This -r^method . is usra /or large pipelines. It is more 

expensive , and dtfficult to install. A third i:^thod is the flow nozzle, which 
is half of a Venturi tube; it is not as expensive, aijd it is not difficult to 
.-install). " r ■■'^f-.-.' . . '-. 

To better understand the^ factors that are involved, in the construction and 

■ • .. ' ■ ■ - ' 

function of a differential* pressure flowmeter, we should review the 
following terminology. * " 

... o ; _ ■ /\ ■ ■ ' ■ . . ■ ' ■ . ■ ; ■'■ ■;• ; . ' 

. ; !•* ftressure — force per unit of area ' 1' : . 

^ 3. Viscosity internal resistance of a fluid to, the flow 

4*. Velocity -r speed in the direction of the' flow of a fluid 

... .:.AU,, of. these ^l?,? ... 

proper flow meter for a given application. The most; 
velocity, because it determines the behavior of a fluid. When the velocity is 
slow, the fluid flows in layers; and it is said to be lamiiiar. The faster 
moving layers are.:|iearer the center; and the slower layers ar^ on the outer- 
edges. With ah increase in velocity, the flow- is more tifrbulent. The layers * 
tend to disappear, an^ihe velocity across the st^^ 



By placing a restriction across this flow, we obtain a differential pressure 
; ' ■ ■ - — -^r-which-is-sufficient-to-^end-to-^- rnecha^^ 

then converts the differential of pressure into a ra^ : of flow .and. sends it. 
i ^ * vto a recorder in most cases. . ^ ^ • ' ' 

rKt(erencesi---^ns^trumen^^ — ... . 

Elementary Steam Power Engineering 
. / Combustion Engineering 



M: 



Assignment: 1. What is the simpleist piepline restriction for flow metering? . s * * 
' V ..:2 The most accurate method of flow metering is by using what kind of 

V ' restriction in the pipeline? >f; 

.3. Define, the following terms: * * II J^y^i^^:. - 

■• • .. a. -, Pressure. ■■ , y.-.- ■ 

■ ■ b.^^ Density '. . 
■ .; -'c. Viscosity / ■ ' ■ ■ i--' • ♦" 

' d. Velocity 

4. What is meant by the terms:. ^ --s ■ 
: ■ a. . Laminar , ; . i • 

b. Turbulent ^ • v ■ ' ^ 

' 5. What unit^ of meiasurerhent are s^eam flowmeters cal^^^ 
> * 6. Explain in your own words how a differential pressure flow meter 

- > functions? ■ 

7. Where could flowmeters of this type be used in a steam generating . 
■ " 8' . ■■■plant?: ■ " 
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jPosirivc Displacement and Variable Area Flowmeters / Assignment 11>A'2 > 

'^^ ■j i Objectives: 1. Be able to explain 'how a positive displacement flowmeter functions, 
i/ ^'^^y * / 2. ^Be able to describe the basic construction of a positive displacement 

^ flowmeter. ' 

3. Be able to expliain how a variable area flowmeter functions. 



4. Be able, to describe the basic construction of a variably area 
^ .flowmeter. 



ui-^y .Information: Positive displacement meters measure a fixed amount of a fluid; and then : 
they discharge it completely. This is very much like the positive 
displacement pump s that we discussed in a previous lesson. One type of 
f,^, positive displacj^ent metQT employs a wobble pl^^^ 

emptying afid filling a compartment as the fluid flows thrG|_ugh it/ llie 
— . ' wobble plate corinjbcts at the top to a series of gears and indie 

"■ . /■ •'I.-,- '.flow..■■^' ;.: , ■,. V- ■ ■ 



T There are two types ^. of variable area meters — the rotamciter and the 

valve-type. With the rotameterj the area is varied by a float in a tapered^ 
V : tube. The mpvement"of a seltppsitioning valve varies ^^t^ 

"\ these variable area meters, the pressure differential across the restricting 

rr device is constant. The restrictm^ aCTo^ the float iin t^^ 

rotameter. As the float rises the arei around it increases, but tke 
t difference in pressure" across it remains the same. Tifiis is also true for the 

; valve type, but theTestricting^ device is a pistori instead off a ^^^^^ 

Rjefeiiences^^-^fw^rMwen^tif/ow ; 
* i; ' . Elementary Steam Power Engineering ' 

: Combtistion^Engineering i ^ ' 



Assignment: 1. Li^t the two, types of variable drea meters. 

. , • 2. How does each type of meter function? 

{J0^*i-; 3. How does the positive displacement meter work? : ^ ^ . r 

4, Name some of the fluids that can be used Aith thw^ 

rotameter even wljen the flow changes.. 
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Draft Gagcs v. ^ Assignipcnt 11>B>1 



Objectives: i: able to explain how a draft gage functions* 

2. Be aBle to describe how draft gages are constructed. 



iilii 1 Informati ons X hc d ifference i n p ressure b etween two points is known-^as-draft. Th ^ 

pressure, although quite small, may be measured above or below the • 
atmosphere. Draft is necessary for jhe combustion process in a boiler to 
~ ^rike"place~Air'^K^^^ 

are reifioved by passing through the boiler and up the chimney or stack. 
' Draft gages are of the manometer or diaphragm types. 

The manometer type draft gage consists of a«simple U-tube that meaisures 
the difference in height of a liquid such as wa^^ 
an inclined tube -is sometimes lised for small- p 
.'^ ' degree of accuracy. - - - ^ 

• "■ ■ ■ . ■ ■■' . ' ^ ■ : ■ ■ • ■ ■ ^ .."'vsi'- 

diaphragm draft gage consist§. of a di 
with a scale calibrated in tenths of an inch of water 'pressure, k 
in the follcfwing manner. ; The top aridj^bottbm of the' diaphragm a^^ 
connected to the two poirits to be measured/ Any. differed 
between the ^;^o points will cause^ t 

is attached to linkage that will cause movement of the pointer to indicatieV . 
a reading on the scale. — - ' / ? 



References: Stkam Plant 

" ' ^kmentarjy Steam ^P^ • ^: \ 

Assignment: 1. List the types of draft gages in use today. 

3. How do they operate? * 

4. : What points dh a boiler wpiild be connected to % draft gage? 
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-- , . • ■ . - /- /:• ■■-:' .. . * . • y-' 

MANOMETER MEASURES tkAFt WITH^^^^^^^^^^^^^^ 

GAGEi. BOTH LEGLS ARE EQUAL LEVEL AT ; # 

ATMOSPHERIC PRESSURE. ■^V- '-r^ 

...... 



READING 




1 ■■■ . . . 




DRAFT GAGE CONNECTED TO BREECHING SHOWING 
NEGATIVE READING.: WATER RISES IN LEG • 
CONNECTEO TO BREECHING/ 
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f ijRN ACE uptake: I * 




\ V^forma^pin: From our previous leslsonsV we know that for evety vertiad foot of water.a 
\ , pressSim .433 pounds perv square, inch is exerted bm^ base, if we 
'divide'.433 pounds per sguaye inch by 12, the result will be a new factor 
' . of .0361 p.^i. :for each inch of water column. / ^ • . 



Pounds per Square Incfa _^ .433 ^ .0361 p.sj. 
Inch of Water •: / 12 Inch of Water . 



When you convert inches of ^aft into equivdent^p;s.i»V you. procefe^^^ 
■'""e^mmples below: ■ ' ' -^r \ ■ . ■ ■ 

V." . ; V ■ -V- 

V I* Gonyert/3'riSf force draft ii}to p^.^^^^ v 
i. p.s.i..=-NoV^f Inches X wd361 - ' . y , , - 

/. ■• ' \'p.s^A.'=3 x'.0361 ' • 

. - ' ' p.s.i.= .10§3 ^ ^ ; 



■■■ : ''4:: 



; ' . . 2. Convert .is" of furnace draft jnto p.s.i. 

„ \ ' "'-H p.s:i. = islo. of Inches X .0361 V 

: ; ^ .V - ' ' = .15 X .0361:^ ^ , " v 

-1,1' : 1. . •p5.i. =. ^005415 . . ' ' - 

Assignment: 1. Hew many pounds, per square inch pressure is there at the-base of a 

: . - ■ * , > ' 1-foot water colutnn? . ^ . - ; 

/ r * > 2. Convert 6" of water to p.s.i. 

♦ li. 3. -Convert 2.5""bf water to p.s.i. , . 

' ,4. How much pressure would be needed to raise a draft gage 1.8 inches? 



objectives: 1. Be able to explain how thermocouples \srork. 

r ^ t 2, Be able to list. the 'uses of thermocouples stbam: generating plants. 

information: You may recall that the thennocouple. consisif^^^ wires ofrdissiinilar 

metals of different ' electrical conductivity . They., a^^ at 
one end and sealed in a porcelain tube. Wires corrected to this tube nfiay , 
then be connected to a galvanometer^or to some fon^^^ 
w ^device, in a control circuit. The amoiim of electrorndtive force d^ 
the difference bebveen the-temperature^^^^^ 
V of materials ieing used for eonductors. The weldeid^wires are theji exposed 
: to heat. As Heat is picked up, a very smsJl elect^^ is induced This 

' vbHS^^ is^ propo 

. junctiohs/This ciinrent flows tltfough thie 'circuit and\moves^^^ 

on the ^yanometjcr. T^ie dial of the^^^g 
. read degi^ees. If the therm^ 

»flow^:is senr to an^ a^ 
■•' can^then be'used.-' ^ ': ' - ■ "''r ■ ^'^ a- 



TThe advantages of using a thermocouple to meaisure temperature are: 



1. Accurate readings. " " >^ ' 

2. Good over wide rangfe with rapid readings. ; ^ ' . 

3. Fairly Jow cost. " v 

4. Can be used for many applications. ^ ' > ' v ' « 

5. Gah be centrally located tajking rea<Jing from many remote 
f locations in the plant J* /' ' / / 



In a steam generating plant, some of the jeqiperatures that thejpnocouples . 
are used td measure are: _ IP. 



Superheated steam ^, * , 

^ Qesuperheated st^m - ♦ . J. ■ - 
I^eed water entering boiler*'* • 
Condensate returns 
Flue gas entering stack'" 

Condenser water on and off - ^ ' 
Combustion air temperature* 

It will depend upon the type and size of the steam generating plant as to 
hj|w many thermocouples are needed. ' . ' 



References: 



Recorders are used in conjunction with thermocouples to give a 
continuous reading of the temperatures at various points. The jJata taken ' 
from th^recorders is very usefiJ, when it is^^ necessary to determine plant 
perfpr^fence. Instant readings are ^^lielpful m^^^l^^^ 

system before .they become serous. ^ ' ■ v 

Steam Plant Ope^^^ Ai?; 
EUmentary Steam Power Engineering ; - 



Ass^tunent: 1. Explain how a thennocouple works. ^^^^^^^^^ , > 

2. List the advantages of using a thermocouple. * 

3/ Where would thermocouples be used in a modem steam plant? 

' * 4v Why are re^cprders u 

5. What is tB^Value of ha:ving a record of temperatures when operatuig a 
-''steam plant?;-; ■ . - ''^ ■ 
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objectives: 



1. Be able to explain the purpgsfe of recorders. ^ 

2. Be able to explain how to* use*the data, froni a recorder. 



Information* Recorders are* that part of instrumentatibn*dealing with the measuring,;)f ia 
substance. The recorder can be linear or circuldlr^and large or snfall. It may 
' liavfe strip charts or cir^rular charts. It may be mechanical, electrical^ or a 
combination of both ^ Some recording instruments are linjited to one 
measured variable; others accommodate many records. Recorders are used ^ 
throughout the ihodem world. The development and progress of iifdustry 
* . has relied on. the development of instrumentation. The use' of recordi^rs 
can be found throughout' industry to measure'flow, pressure, temperat^^ 
r levelj humidity^ andtelectricity; Some exarnples^^^ 
modern steam generatingjplants are to measure the (1) flow^ (2) pressure, ^ 
(3) teniperature and (4) level of water,, steam, air and gas. 'r' 'r^-'C'^^''^^.'. 

Recorders ; indicate operating condition^ cqntinuoudy, therefpfe theS 
operator of steam plant equipment .has a thorough Imowledge^ b^^^^^^ 
plant is functioning at all times. It is; also possible to; determine plan 
erformance and efficiency frjg|mv the data taken from recorders. This is 
important in our modern world with the shortage and high cost of fuels^ 



References; 



Instrumentat^dH 
; Combustion Engineering 
Steam'-Plant'Op^ation 



Assignment: 



1. Indicating instruments . have , one feature in rommon — a scale 

calibrated in units of the measured variable. What does this mean? 
2'. In your own words/ describe what a recording instrument does and 

tell why you 'think this is important. ' . 
3. Give some examples of recording^^devices, iSnd tell what, they would be 

used to record. ! u ' 

4: why has industry become so deplendent on recorders? 
Sr Explain why you think you could operate a steam generating plant 

more efficiently with recorderis than without." 



objectives: 



Information: 



1. Be able to explain the. purpose of a smoke indicating device. 

2. Be able to describe hoW*the snioke indic|ting d ^ 

There has never been any way to i^jpl1iH||g ambunt of smoke given off 
by a furnace. It has usually been |[|tii™^ inspection of the 

stack. Visual inspection, is^tiot alwa^j^ tfit^p method because it 

is affected by the condition of the ^^^^ 

etc.), the background appearance, and by the person making the 
observatiorT. A comparitive. chart known as the Ringelmann chart is usm 
to determine sm^ke densi^. It is made up of 6 charts and shows readings 
^from 0 to 100% smoke density.. The charts are used in the following 
mkiihier.{^hey are placed 50 feet- from the observer' who then compjires 
the smokle from stack with the charts. From this observation he can then 
determine smijke density from the stack by selecting the chart- that 
compares with the stack. I ' 

Another . method of evaluating the density of combustion gases is^ 
measuring the amount of light tliat, is cut off as it- passes t^ou^^?^ 
The mstrument that is used for this is known as. a smoke 
\jindicator. It is comprised of the following parts: V 

1. Lighf source — usually a standard 100 or 150 watt light bulb 
r with ac reflector. 



2^. Photo electric pick-up unit — picks up radiation from the 
lightsource. / " 

3. Indicator and/or recorder — to indicate and record smoke 
density. 

The reading on the. gage'' and recorder will- depend upon the density of the 
combustion gases, if the gases across the light source to the photo electric 
cell are clear, the readings will be toward 0. On the other hand if the 
gases are heavy with smoke, readings will move toward the 100 mark. This 
type of instrument used in conjunction with a strip chart recorder is very 
helpful to power plant personnel in controlling the smoke from boiler 
furnaces. • • ■ 



•Reference: Elementary Steam Power, Engineering 



Assignment: 



^l. Why do we have to liniit the amiount of smoke -passing into the 
atmosphere? 

2. What is^a Ringelmann chart? ? ' 

3. How would it be used? 

4. Explain how the photo electric cell type of smoke indicator works. 

5. What type do we have in bur boilerroom, and how does it operate? 
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objectives: : 1. Be able to explain'the fundamentals of the chemistry of boile| water. > 
>2. Be able' to define the bWc terminology used in boiler water 
chemistry.; V-';' " • l yin^^, . ■. •.. .;, ' 

Information: The sources of watex found in nature are-^wvTlf^^^^^^ the pure stabe^Rain 
water picks up gases and particles from the air as* it falls. Surface waters 
"'can contain solids, gases, and jpossible pollution from industrial wastes;:. 
Ground water from wells and springs tends to dissolve solids as it . passes 
?y thrpugh the grdund;^these^^ show up as carbonates^ of magnesium and 

calcium. I>inking wa||^ supply 
remove dissolved solids from the water; they' ^^^^ 

the water good for drinjcing. It has been found hecessaiy to condih^ 
""Tjoiler water from any isp 
the^ following conditions that are a direct result of" boiler vvater condition. 

\ 1 . Caustic ei^l^riM^ 
J ;. . . ,: ^ 2. Sc3ie — deposits of calcium and, hiagnesium carbonates on the 

. ,-. ; " ■ ' ■ heating^ surfaces^, .. ' .■ -V.; 
W ^ 3.^ CoiTbsibn"— ^ttirig and channeling' of metal. Caused by gases 

4. Carryover — ca^ 
T^s^^^. Tq^?- . by high alkalinity^issolved solid^^^^^ 



W.e can readily see Ithat we canj; protect a boiler if we l ean preyetnt^thesg 



conditions from happening,/ With caustic embrittlement, we nnist hiaint^^ 
- V the proper alkaiinity'i^^t aU times. Scale can be prev^^^ 

carbonates of calcium and mai^esium into non-adhering sludge; removing 
oxygen (02 )':and carbon diokide (CD2) from the wat^r stops corrosion. 
Proper alkalinity, dissolved^olids, sludge, and surface of water free of 
floating material (such as oilj^prevents carryover. 

References: Steam Plant Operation 

Practical Politer Service Library v 
Elementary Steam Power Engi^ering 

Assignment:. l/ *What are the possible sources of water for a steam boijer? 

2. -How does eachilsource compare for purity? 
■ 3. Which source would be the best for a steam. boiler? 

4. What conditions, in a boiler are caused by impurities within the water? 

5i Describe each condition in detail. 
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{P^jcctive^ 1- able , to describe the danger of neglecting proper boiler water 

.J' .conditioning.--';, :, • ■:••„=-;•-.• 'r'-'r'"-'. y-'-'^' 

• Infotmatidh: From the last lesson, we :knoW. that improper treatment of boiler >yater 

v/. ' will eventually give a prpbflem of caustic embrittlementf scjue formation, 
. . corrosion, or carrybver. Now, let's examine' each of these condition 
""^ 't see if ady danger exists to the boiler or to the personnel operating it. 

. CJaustic embrittlement can cause cracking of the metal along the searhs and 

at the- ends of tubes. This could cause taking the boiler put of service for 
■r. ' * repairs. l£. the ; condition was ignored^ 

• . • x:omplete boiler 'failure ajid i^ to operating personnel. ^^^^^^ K^^ 



,S^ale formation: on tubes and boiler dninis is a direct cause pf boilen^^ 
I . failure due to. overheating of the mlllj* Sc<4^ ^^^^^^ 
|5e.^y5cen , the combustion side of tHe bpy^ 

. the ^'obiler metaiJ causes leaks, cracks, bags (lai^e blister), distoildbn 
hibes andi tube sheets;, and also complete failure. v 

« ^^"^°sion or pittin^g the boiler structursdly by thinning the boiler 

pisltes aiid tubes, if left unchecked, it will lead to complete failure. 



.p 



, ^ainrybveF is'^'^^^^^v^ 

> steani lines. It can lead to steam Header or line mpturfe, which is higjily 
^ dan^rous to operating personnel andfio pl^^ % 

Bpileij inspectors' are very cbriscious of the above conditions. During. their 
f aiinual inspection pf a steam boiler, they carefully inspect for any of the 
* problems, mentioned. Then they notify the Mechanical Inspection Bureau . 
I of any unusital conditions. The Mechanical, Inspection Bureau can, when 
warranted, lower the pVessure, force repairs, or condemn a boiler as being 
./unsafe. . ' ■ . . ■ • — 



References:: ^.SM.E^Code 

Stearxt Plant Operation 
" ^ ; Elementary Steam Power Engineering 
Practical Power Service^Library 



Assignment: f.- 1. 



List the dangers of: 

a. carryover c. caqstit embrittlement 

b. corrosion d. ' scale formation ^ 

Could the above Qondittons have been avoided? Explain. 



Internal Chemical Treatment 



^Assignment 



Objective: 1. Be able to explain how boiler water is chemically treated to maintain : ; 
: y ^ a proper balance of chemicals. ''^jr^^ - . . 

Information: in a steam boiler^ we must fre'at the water to prevent scale formation on. 

tubes and .heatinjg surfaces, corrosion of the shell and tubes, jcaustic 
e'mbrittlement at seanls, and carryover of boiler water into superWeaters 

« ^ . and headers. Let's analyze each of tnese conditions arid how they can-be 
controlled. Scale is formed whan calcium carbonate (CaCOa) or 
magnesium carbonate (N^COa) are( deposited on hot metal surfaces to 
• fDim a hard, bnttle scale. It cari^ b 

which would react as followsrring light glows when an err<# occurs due to 

CaGOa + 2NaOH ==>■ IS^^ 

. ; Mgco3 + 

^ -Now instead of having a sc^^ 
: sludge. To complete this chanjge/ a coriipb^^^ 
sodium phosphate (Na, PO3 ) is introduced; this changes the ca^^^ 
' : » magnesium into calcium phosphate and^^^^^^^m^ 

non-adI:^ring sludges. Corrosion Js caused by oxygen, ari^ 
^ They are best removed outside^ of the|bbiler by^ heating the feed wati^ 
before it enters the boiler. To be sure that there is not any corrosion , 
taking place^ a ISodium sulphite ^(NaiSOa) is added to remove any oxygen^^^ 
present. The oxygen will' change the sulfite into a sulphate. (Na2S04 ). 
Caustic embrittlement can be prevented by not allowing leaks along the 
seams or at rivets; Boiler water must be maintained at the prop 
. alkalinity level; add sufficient caustic soda to prevent scale. Carryover is 

. causek by high total solids, high alkalinity, and scum or other impurities 
on the surface of the water. This condition can be preveiit^||y: 

... . "•%»,• . ' ' ■ ' 

^ 1. Keeping a low alkalinity. 

2. Reducing total solids by blowing-down boiler. ^ 

3. Removing impurities from the surface of the water through a 
surface blowdown line. 
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From the above information^ we can see that we have to concPfeJ boiler 
water to maintain: 

1. Corfiect alkalinity X 

2. Correct total solids 
~^ 3. Correct sulphite 

V 4. Correct phosphates f > _ 

■307 . ' ■ ' . 



References: iVdcjtf^ . , 

Stjexmu-Blant Operation j ' 

?mehfi2ry Steam Power Engineering ^ f 

Assignments^ A. Ho is. scale prevented from fbrming\p a steam boiler? ^^^■ .;>^^ 
' 2. How„2^_e' the- total solids in a boiler formed? 

3. Wh^t reac tion ta kes place within a steam boiler when we a^A^^^^ 

4. How call carryover be GdntrpDed?; -'^i^^^iF '- " ' 
75;^ — What has to be done to control or prevent caustic i-embrittlementi 
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BOILER WATER TREATMENT REACTIONS 
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!• Be^ able to describe the V systems, that are used for 

. * »iemal;itreatment of boiler Water* • 

i^lhfentoatiom^^^ .Frora>'(inr previous lesson; we know that^boiler water has to be treated to 
jmdce it s^^ can b^^^ d^^ 

/ /^.'^^ by us^^^^^^Pl^^ methods. The 

^ {. f^'l^is^xX^xxiA methods that, are m gen^^^^ are the cold lime-spda processj 
; ' . : tne. hot lime-soda process, and th»4dlfHSxchange or zeolite proceiss. 

v.^-- ^ 

The cTold liitne-soda method is earned put at room temperature; it softens 
^ the water by forming sludge firom the calcium and msignesium conipquhds. 

; The sludge is remd^ei a^ 

This is'a batcb type p that requires about 6 hours to complete. 

- The hot 

uses exhaust of live steam tp maintain this high temperature. It perforins 
the same^ fui^c 

„ removing sludge and some silica. Tlie big- (fiffererice^is that it can do this 
^v, cpntinuafly as long as sodia is added ah 

. / The ion exchange or zeolite process is^^ <^^ on at ^bom tempeiat^ 

and it softens thie water by ^^ c^ 
■ carbonates into soctLum carbonates, qalcium zeolite, and .magtiesium 
/ ' • . . - . zeolite. .This is done by ion exchange taking place in the solution. <)rice ; 
i the zeolite holds as much calcium and^ p^^ 

must be regenerated by passing sodium chlpride (coinmon sialt) , over the 
zeolite/ The sodium remove^ the calcium and j magnesium frpm 
and washes it out. It is then again ready for sernce. * * :r / 

■ ■ . ' • ■ . . ■ ■ ■■ ' . ■. • *. ■ . " ' V"' ■. ' •■ 

Even when external treatment of boiler water is done, it is still necessary 
to caifiy^:i of chemicals within the steam boiler for 

protection^ 




Water Conditioning Handbodk 
Steam Plant Operation ^ 
Practical Power Service Library ' 

Assignment: 1. Name the different types of systems that are available for boiler water 
. ^ conditioning." ^ 
2. What does each one do to the water? „ « 

• 3. what advantages has one system over the others? 

4. What undesirable impurities are taken out in these softeners? 



Methbds of Chemical Control 



- Assignment 12-C4 



Objectives: 1. Be able to explain how to maintain a proper level of chemicals in the 
' '• ■* boiler.' , ' _ ':\- .-^r 

2. Be able to explain how to control the total solids in the boiler. 

-Iflfformation: By maintaining the correct amount, of chemicals in ia boiler, we can - 
■. prevent damage or destiiiction of the unit/ Tlie items that have to be 
^ controlled are: 



'1. ' Alkalinity ^ this can be done by testing the pH value of the 
water. If the reading is lower, than specified, caustic soda (Na 
OH) has to be added. 
2 . Phosphates — a comparison test is used with ah indicatb^ to 
show the residual ..present in the water./lf low, a phosphate 
' solution is added. . i i ; 

Sulphite rr determination: is done to maintain a residual, to 
scavenge for ox^ low, sodium sulphite is added. 

Total : solids — must •be kept within certain 
conductivity meter can : determine the tdtal solids^ If lii^^ the^ 
, bottom' blowdowTi miist be/used to reduce soMs. Some pla^^^ 
use a continuous blbwdoWh for control. • " ' 

5. Surface impurities — have to be renioved as they accumulatev 
This is done with a surfjace ' . » 



3. 



4. 



In most steam generating plants, chemicals are added continuously in a 
diluted form, A daily analysis determines whether the amount has to be 
increased or decreased. Continuous blowdown is used also in preference to 
a bottom 'blowdown. These mejthods maintidh much more consistancy in 
the level of chemicals within the boiler water. ^ , 



Refer 



ences: 



Ass^ment: 



Steam PUmt Operation 

Elementary Steam Power Engineering 

1. What tests are needed when ^alyzing boiler water? 

2. How do you maintain' the proper level ofechemicals in a boiler? , 

3. What types of chemidals are a(dded? ^ 

4. How are the tot^u solids contrbUed (both metn^ 

5. What are the advantages of a continuous system of treatment afid 
blowdown over the batch systen^? 
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BlowdownTank ' / / Assignment 12-02 

Objectives: 1. Be able to explain the purpaife of a blowdown tank. . 

2. Be able to locate a blowdown tank in the ischool plant. >^ 

Information: All steam boilers are equipped with a bottom blowdown line, which we 
have discussed, ii^ a previous lessoi^. Can you recall the^our uses of a 
bottom blowdown lin^? No! WeU they were: r^^ ; 



. < » . " * 1- To remove sludge and sediment./ 

- : ■ • / 2. To drain boiler 

> 3. T^ lower water level 

4. To control chemicals V 



The blowdown ^ line cannot b.e connected .- directly to a sewer system 

because of the pressures itild tempe|atures involved. If ^^^^ 

be a direct violation of the New Jersey Pressure Ves^l GM v. , -^i;. 



In or4er to. prevent hot water and ste^^^ 
. blowdown or dash tank piust be used between the blqwdown :line and the 
^ sewer/Tlie blowdown lines are tonnepted to this tgnik as shown in Pigure 

12-C-2-1 and Figure 1 2-0-2-2^^116 hot water juid steam enters at itlie tbpi 
_ / : of the tanlfc The flash steste^leave^ ahAthe ip^ 

■-''^■'.''i srt^ys in the tank. As, jthe level in the taiik rises, cooler watd* from the 
^ bottom of the tank aveirflows into the sewer .^^^ d own a%oiler, 

the water remains in the blowdown tank to cool until, another, boiler, is 
blowp down. A siphon breaker is installed to prevent possible siphon&ig of 
' the water in the tank. v 

References: Steam Ptarit Operation . ^ 

Boiler Room Questions and Answers 

Ass^ment: 1. Why is it necessary to use a blowoff, blowdown, or flash tahk? 

2. Why is the blowdown. tank vented .to the atmosphere? 

3. Why is the outlet line frprt the blowdown tankji^ented? 

4. What is the purpose of a drain valve on the bloWdown tank? 

5. Why is the outlet connection of the blowdown tank !under water? 

6. What other purpose does the blowdown tank serve when the boiler is 
off the line? 
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objectives: 1. 3e able to explain the terminology ^^a^^ 

2/ Be^ able to. explain the principles of bperatipn <)f a compressed air ^ 

— . ' — sys t e m ^ v . — — ■ ' . ' ' — ' .\ .' -:Zv: ■ . ' ' '.- ^ 

3. Be able to explain the A.S.M.E. requirements for a compressed .air 
■ . ^' -system. 

■ • ' ■ .■ ■.' ■;■ , ; ■■■■ 

Info^ation: The use of compressed air in industry is wide an^ yariei This/is partly 
♦ due to its being easy to distribute throughout a plant. It is used for 
control air at pressures of 1 to 30 pounidis ^nd for air driven tools at 50 to 
80 pounds. It is also used for deaiiirig 
. '-spray piaiiiting., ■ ' 

Compressors fall into 'two broad categories: 4 

1. Reciprocating , 

2. Centrifugal . - * 

Tlie reciprocating compressor must be fitted with suction and discharge ; 
valves, a cylinder with a piston, and rings. TTiis creates a problem with ' 
lubrication because: of metal-tormetal^^^ c qil/ used in air 

compressors must be jspecial^to prevent explosions. In compressing air, 
large amounts of heat build up; and the. presence of ^b^^ could be , 
hazardous. The principle of operation'of a diesel engine is^^ t^ compression 
of air building top high heat; \jhe o^ 



The centrifugal compressor does^j^not pose this problem because there are 
no valves or niptal-to-nietal contiact.'^ I^^^^ compressed air, we 

must add some new terminology to our vocabuldiy. 7| ' 

1. Free air - we live in free air, (Mayb^^ 

the compressor. The iJonditionS'|of this; free air change ^ 
with temperature an^ atmospheric pre^^^ 

2. ^pacity ^refer$ to t^^ 

compressor rated -in cubic per minute. 

3. Piston displacement -\ rated in cubic feet. It is found by 
multiplying the piston area in square feet times the piston 
stroke in feet. 



■ \ 



'•4 



where: 



Vc = Volume of cylinder in cu« ft. 
Ac = Area of cylinder in.^g. ft- 
-Lb = Length of stroke jtf feet i_ 



For example, a compressor has a piston 3 feet in diameter with a 
2rfoot stroke Its piston displacement would be-' ' # 

Vc i^Ae X Ls , : ' • . • ■ • -. ' 

' . • = 3 X 3 X .7854 X 2 ^ ' ' . 

=: ^v0686 X 2' ^ ' . ; 

4 = 14.1372 cubic feet , . J / Vi • ! 

4e Displacement per minutei is rated in cubic feet per minute; * ■ 

and it is arrived at by multiplying^the piston displacement in v. 

cubic feet times the revolutions per min^iW. ^ ^ • j v 

■ ■ ■" ■ ^. ."^ .■■■-■•..»■.■•■•., .C'-.-.-.c..-. . ■ ■ • . 

■ ' : ;•■ . ■ . . ./.,-: . ^ . --r 

Example: The above compressor is t^^ing 100 r.p.m. It is a 
single acting compressor. What is its displacement per minute? ^ 

V/Min. ■ = .'Ae-' X Xs' X N ,;, ^-y-' ■ ^r'.'- 

V = final volume in cubic feet ■ / • ' 

' ^ Ac = area of cylinder ui sgua^^ feet . 

Ls = leirigth of stitike in feet : ' 

.■^r:::}^: = number of dischai^e strokes per'^'minute < 

When figuring piston displacement per cubic foot per miri^fe in a V . 
multistage, compressor, only the low-pressure cylinder is u^ed. This is ; ?- ; 
because it will determine the amount of air passing to the ^^^^^ cylinders. 

■ " . ' ' ; '^'y^ ' - 

' V/Min , = ■ Ac .X X' N - '■-U ' ' ' ' ' -^f;, 
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where: 



~ = 7.06B6 X 2 XIOQ . - ^ ^ 
' - 14.1372^=KJ^0 

= 1413.72 cu fwniill 

Figure 13-A-l-l shows a hoijzontal two-stage air compressor, and Figure 
13-A-1-2 shows a two-stage combination horizontal-vertical compressor. 
The principle of operation of an air compressor is the takiiig of free air, 



ir. :/fi' 



^ compressing it to reduce its vbluiheV and to increase its pressure v Wheij^ : ♦ 
large volumes of air ?ire needed, multistage ^ compressors, are used. They- . ft 
are equipped Avith water-cooled cylinder/ intercoolers and.after-cQolers tb\ 
/ remove the heat of .Compression and 4eliver cool air to the ''plant*. Air 

-compr^ors~-and— receiver^i^ome— imder-^the— A^S.MxE^^ 



Vessel Code, Section VIIIj^This* code insurei^that al^^ 

standards of safety. It stipulates thickness piping and • ; 

receivers, when safety valves must be located, and.makes ^angements^^f^^ 
inspection oC equipment. ' \ . i 



References: ^ir cmd Gik Power' ; 

Ele^mentary .Heat Power 



Ass%nment: 1. What part of .the j^S'.N^^ ^\^'- }' .< ' ' 

2. For what jpurpoSses is*^^ ^ ■ ' 

^3, What are t^je t^ ' • 

4s Why does 'o'll pose a special - problem*' .j^ ihe;^fep|rbcating type; of 

V. ■ V ■ ./\5^ \What is:metot b^'*^ / \ V'-U; .' ^-^-^^^^ ' 

r V com^re^iSorTHqw is he 



■■r... 



•-^^^•■■■■f ''v^^^''^^^^ - 
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Basic Compressed Air System 



Assignment 



Objectives: 1. Be able to identify the pjtrts of a compressed air system. 
^ 2. Be able to describe a compressed air cycle. 



,0 



Information: 




In order to be familiar- with how an air compression sysiem works, we 
must first study the components and find out what tliey do. Using Figure 
13-B-14, let's trace a cycle and see what each part of the system does. 
Free air is brought tp the suction side of the low-pressure cylinder through 
a filter. Most laj^e machines use aii oil bath filter to remove the impurities : 
in the air before it enters tTie cylinder. The air around us is good enough 
for us to breatliy byit it is n<^t good enough for an' air. compressor. From 
the low-pressure cylinder, the compressed air passes through an 
intercooler. This intercooler removes the heat of compression. It sh 
mentioned here that both tHe low-pressure cylinder, the intercooler, and . 
the high-pressure cylinder are water cooled.. The intercook^^^^^^ 
with a pressure gage, which indicates the pressure of air leavm 
. pressure (L.P.) side'of the compressor. It has a safety vailve to protect it 
against over pressure. There is also a thermometer on the cooling water 
• outlet from the intercooler and a thermometer on the cooling watier outlet ' 
from^ the high-pressure side of the compressor. These themip meters are 
needed so that the operator can adjust the flow of cooling water. The 
cooling watfer temperature leaviijg the intercooler, and enter^ L.P. 
cylinder is about 80^F. The temperature of cooling wate^ leaving the M:^. 
, cylinder is about 120^F. The^ air leaving the ; H-|^^ibylinder theri passes 
through an aftercooler, throijgh a separator where oil is trapped 

out, and to a receiver. The aftercopler removes the heat of compression 
from thc^ H.P. cylinder. It too is water cooledu so that as much moisture as 
possible will be removed. The receiver is a storage point giving the plant a 
^ volume of air to draw from. It is protected from excessive pressure by a ; 
safety valve. The receiver must be constnicted according to' the ;A.S;Iyl;E^ ^ 
Code and stamped as such. It is subject to internal inspection annually by 
^. a state or insurance inspector. ' 



team Air and Gas Power 
entary Heat Power 



Assignment: 



Why is the air filtered before entering the air compressor? 
What limits the piston speed of the reciprocating compressor? 
Why must the large synchronous motors driving aif compressors be 
started under no-load conditions? 




4. _ What is the purpose of M t ' 

5. Why is a separator used in the system? Where is it located? 

6. What purpose dges the receiver serve? How is it protected from 
; excessive pressure? 

7. What is meant by a coded tank? 



^ "8. What is meant by a two-stage compressor? 
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2-STA6E AIB COfRESSOR 
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Air Compressor Capacity r m Assignment IS-B'l-Ml 

Objective;. .1. ^ Be able to calculate the capacity of an air compressor/ ^ 

■ "* . • ■ , ". \ , -. .''0'^ . ■■ . 

In formatio n^ The a m ount of air delivered by an air coitfpressor will vary depending 
upon sizCj speed, pressure, and* '^ficiency of the machine. The effidenciy 
1 of an air compressor is approximately 75%. This can increase or decrease^ 

depending upon the, final discharge pressure. An increase in discharge 
piressure causes a corresponding drop in the efficiency^ and a lower 
\ . \ pressure causes an increase in efficiency, if we assume that the' efficiency 

of an air compressor is 100% and that the discharge air temperature is the 
. . same as the inlet air temperaturej^ we can then, use Boyle's Law for. gases. 

The product of the initial pressme and volum 



4 



tl^^ifinal pressiiiq and volume 



Pressure! X Volumej = Pressure2 X Volume2 

•t ■* ■ ■ ' " ■ 

■ Pi X Vj = Pi X Vj V : 



From this formtJa we can develop a formula /or finding the theoretical 
amount of-air that an air compressor can deliver per unit of time* 

1-^2^2 > Transp^^^^ 
15 X Vi # 

^ ^2 ' atmospheric, pressure 



15 X \.' X La where; volume = area of the cylinder X 
2 length of the stroke, v 



V2 = p. 



This formula will give you , the .theoretical amount of air disch^u^ed on 
each stroke. To find the amount? per minute, multiply by thJIiumber of 
^strokes per minut ejffl ). , , ? - 

. V2 ; 15 X Ac X Ls X N ^ ISAcLsN 
: Min. p P2 ' • " . ^ 

-. where: 

Ac = .7854 X Dc' = the area of tlie cylinder 

Ls = length of the stroke 

N = number of discharge strokes per minute 
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Exampli^.l**, 



Whar is; the theoretical, discharge bf an air compressor in cubic f^et per 
niinute if it has a cylinder diartieter of 10 inches and a stroke of 12 inches 
while running/at 600 strokes'per minute and discharging at 105 p.s.i.a. 

' \ . ' / \, ■ V • ■ ■ ' ■ : ' ' 



Ls = "fl" " 1 Foot 



N ^ 600 



Note: Inches were changed to feet because we want dUbic feet per f- 

15 X Ac X Ls X N . V 



mmute. 



Cubic feet/min = 
Cubic feet/min- = 



15 X,7854 -X^xj^Xl X600 
105 / 



Cubic feet/min = 46.75 < '* ' . 

. ^ . /. , ■ ■ ■ ■ ■ . ' ■ " . 

Example 2: An air compressor with a 14-inch diameter cylinder and a 12'inch stroke 
' . runs at 150 double strokes per minute and discharges air into a feceiver at 
<75 p.s.i.. What is the theoretical.capacity for this cpmpressor in' cubi^^et 

■per miityite?- 



12 12 



12 
12 



= 1 



. N = 300 . • = 
P2 = 75 + 15 = 90p.*s.i.a. •■ 
Note: D'ouble strokes and change of pressure to absolute. 
Cubic wet/min = — p — 



Cubic feet/min = 



15 X .7854 .^-tI X 41 X 1 X 300 
* 12 LA. 



90 



C-.i 



y Refereni 



Cubic feet/min = 53.45 



Steam, Air, and Gas Power 



E 



Assignment: l. Show how we used Boyle's Law to develop a formula for c«^^ 
an air compressor. ^ , ' , V 

- 2. Find the capacity iii cubic feet per minute of the following air 
. ' compressors: ' • * 

w - - ■ ■ • ' a.' - L : 



Bore ' 


6 inches 


10 inches 


20 inches 


Stroke 


4 inches 


12 inches 


16 inches 


^peed 


. 350 r.p.m. V 


300 r.p.m. 


200 f.p.m. 


Discharge 
Pressure 


^45 p.s.i. ; 


75 p.s.i, ' 


' 60 p.s.i. 



Each compressor is double acting and disch4u:ges on each stroke. 

:■/.■'■■■ ■ , . ■ ■ ■ ' 



.- . J:..,v.•,•■■■.r^.^v;5:^'l•.l•_-.^:£/r.■z:^,lit 
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Air Compressor Operation 




r Assignment IS-C-l 



Objective: 
Inforniatioh: 



'o start up and cut a compressor into a line already under pressure^ 



In plants requiring large volumes of air, there will be times when you have 
three^ air ^compressors ysing a commpn aftercooler and receiver, 
conditions wjll dictate, when more than one machine will be required 
the line to maintain the plant load. Under these conditions it may hfi, 
necessary for the operator to start up a compressor and cut it, in on thet 
line that is already under pfessure. This will have no resemblance to the 
proqedure you would follow cutting a new boiler in on line.; Most 
large, two-stage compressolrs will have synchronous motor -driv«..^^T^ 
motors have a very low starting torque and must be started tfhder no-load 
conditions; ' . ^ 

Using Figure 13-C-l-l, follow th^^jSS^p procedure: 

. 'J-"^''^: .. . .i, .. ^ .,: \. 

1. check ipachine fof rags or loose tools. 

2. Check lubrication. '0 '- ' 

3. Crack cooling water (4) i ' 

4. Check dischai^e valve (2) to aftercooler is closed. 

5. check atmospheric vent valve (3) is open. • • 

6. Check suction valve (1) is closed. i ' ' 

7. Then push *'run" button.^ : ^; . 

8. When machine is up to speed, close, atmospheric vent (3). 

9. Open discharge valve (2) to aftercooler. - 

10. 0pen suction valve (1). 

11. close electric switch on automatic electric linloader. 

12. Machine will now start to pump air. ; 

' 13. Check lubrication and temperature of cooling \yater jKhd make any 
adjustments needed. * 



To secure the machine: 



1. 



2. 
3. 
4. 

5-. 




Open electric switch on automatic electric unloader. Machine will 
continue to . run, but it ^yilI not be compresdng air. Close *the 
suction valve (1). ' ' 

Close discharge valve (2) to aftercboler and line. ^ ' 
Open atmospheri^rernt (3). - ■ • ^ 

Push "stop*' b&twiil^on synchronous motor; mac willgtbp. 
Secure cooling water and wipe down machine. 



35.5 



■ ^ . ■' ' ^' ■ ' ■'^ 
' v". ■• ' ■ ■ . . . .■ ■■ ■ ■ \ ■ ; ■ ■ . . ■ . • '. ' '/ ' ■ 

/ ^'if^l'^::^^:^^. Hourly readings must be taken on tfhe pressure gage on the intercooler; on 

' . . . the discharge to aftfercooler. Temperature readings must be taken on water ' 

leaving the intercooler and :6n watergleaving the after 
• these reading, it is also necessary that all lubrication be checked. 

1 Reference:: Information data / . : 

Assignment: li .pisciiss why it is, necessary to always follow Step 1 in tlfe stirtup 

•..■v'^-i^'^rocedure. '^-^^ ■ ' '-y.'''-' '^ ■ ^ ■ 

..^ 2. What purpose does the atmospheric relief valve serve? 

3. Why, do some plants have more than one compressor tied into a 
.". .... ;:.common.receiver? . .,' ■,./■•■ ■ , ,.■,: './.^ , ^^-----^ 

- . 4, what/would happea if you tried to start a synchronous; inotor-driven t 
^'^^■ 'M ■ J ■ compressor under load? ' ^ ^ 

■ •^i^-'J^^' " 5. What vgDuld a rise in cbolm^ . ^ 




DISCHARGE VALVE ^ 
SAFETY VALVE 




: INTERC0OLER : » 
SAFETY ^PRESSURE (sIgE 

gRQM 
FILTER 



ATMOSPHERIC 
VENT 



COOLING WATEI 
TO INTERCOOLER 
AND L P a H P 
CYLINDERS 




13-C-l-l 
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objective: 



Information: 



1. Be able to describe the r 
^mpressbrs. 



routine ^^^aiiitehari^ for air 



Plant ^coriditions will determine J^w often air filters on the suction side of 

the compirwsor must be some filters^ 

must be"^ changed or cjeaned every 30 days. In other locations itfmay only 

be necessary to dean filt€f' bniy^fo^^ times a year/Widi the oUJl)^ 

it is necessary* to drain off all the oil and . then clejm out the filt^ 

You Avill be surprised at the amount of dirt found 'trapped h^^ Afte^^^^^^^ 

being thoroughly cleiried, a fresh supply of bil mnst : be iadded^'^ 

used for compriessor lubrication is special; it must have a high ilash point 

to prevent compressor explosiSj!^. Tliis mjmufacturer 

often the oil must be changed/^This is lis^^ running hours oil 

the machine. When this oil is changed^ the sii^rrip 

cleaned. If there is a screen filtery it must be ^^^^ flushed. Some 

compressors lubricatedf others 

with a pump being driven off the compressor ^aft ; And still others will be 
a 

to filters and ^^il 



combination of bojrhrsplash atnd pressure- lubric^|<?n attention^ 
. AUo,^ changes will ^add to a* longer ^ t^^ Ufe for your 



compressor. 



Referet|c:e: 
Alsignment: 



Ingersoll-Rand Catalog A-B^OlSO 



1. 
2. 
3. 



4. 

5.' 

6. 
7. 
8. 
9. 



How often rtust air filters be cl^^ ; : 

What makeis compressor oil different from ordinary lube^oil? > ^ 
What does the manufacturisr recommend doing: 

a. Aftec 1st 50 hours 

b. Afteg^lst 200 hours ' '' ..^ • . 

c. Every 4000 hours ot ift least once a year 

Piscuss operator's^aily routine. - 4 - . 

Discuss operator's other, regular duties depending on operating: 

cctfiditions. ^ - » 

How can proper V-belt .tension te checked? 

What affects the life of V-belts? . 

Does the manufacturer recommend belt dressing? iExplain. 

If a fnachine requires 3vbielts and' pnly one belt is broj^^;, can you just 

replace the one belt? Explain.. ^ ^'^'K' 
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jElectrical Safety Practices r Assignment 14-A-l 

. . • ' .^^--^ 

Objective: 1. Be able to explain the safety practices and procedures to follow when 
working with electric equipment. 



- V 



r .... 
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» Information: Electricity can be useful -for man, or^ it can be extremely dang«us. In 

• ' * 9:-' this modern world electricity is all around us, and without 1t we would be 

•^more or less at a stand still. It runs our * machini^ and gi^^s us light and 
' heat, but it can also injure^ and possibly kill if it is handled carelessly. 

Safety practices and procedures for the haijdling of electrical equipment 
are set up in most plant safety progijaW 
. " of electrical equipment. As. an example, the rules in our school f)Iant are 

• as follows: 

■ .: '■■ V ^ - ' •• ' .... ■ ■ • ■■ ' ■ ■ V ., '. .\. 

1. Always check all power tools for proper grounding. 

• ' ' . V 2. I^ever use a "power tool, extension cord, o^r drop light with a , 
-. : frayed cord. . \ 

' 3. Never 'unpl^g any electricail cord by pulling on the wire cord 

■ , use the plug. . * 

4. Never work on electrical equipment whi]^ standing in water. ' 

5. Do not poke yourrfingers in electrical sypk 
. sockets.' 

■ 6. Do not work on -live electric circuits; always pull -circuit' 

breiaker, fuse or main switch. 
• 7, Al>vays check electrical ^ equipment with tester after killing ^ 
^ V circuit to be sure that electricity i 

V -i, , " ^ ' ^ 8. Never pull a fuse by hand; use a fuse puller. 

V - 9. Do not work on the steam and water side of boiler with a 
^ ■ ' * drop Jight. Use a portable light or a low-voltage drop light. 

10. Never put current to any project until it has been checked 
j| vdut by the instructor. 

( , 11. Do not handle capacitors until they have been discharged. 

^ ^ . 12. Protect all electrical equipment^when washing down, 

43. Never use a water extinguisher on an electrical firfe. 
^ . 14.. If in doubt, stop and notify instructor. * ' 

IST'Pon't try to be a live wire; your fuse cannot be replaced! 

^ When safety rules are followed, the chances of electrical accidents are " 
^reduced. Always be safe instead of sorry'. 

■■ ■ • . ji ;■ ' . . . . . ■ 

^ * Assignment: l.L Why are safety rules" necessary? 3, 

» ^ .2." • Why is electrical equipment .grounded P^' 

. 3. Gjve a reason why^ each of the numbered rules 2-13 is necessary. Jt\ 



ERJC , 



W^''^^^^----^ -■■^■v.' ^? ■■.;;'^.v 

. .V ": V 'V . • fef6r|i>itfc(n:'.^.Kefs electricity is a form o 



)f energy 

.;. .* I V < jand/Tis cojjvertable.^^^t suc|iv.-:a&:.h^'t ^or..l1lechanieal energy. 

• , C / . r. . "^ V ' • * , !. V ^ ^ ^ Eiectridty ;is a flOT?^ ' . 

•jpt. : ; ' The, ainpiere a unit that v^*j^sed vto number of 

* flowing per unit \)f time- You may think of this in the 

\ Same manner, as ' gallons, per minute in a water line. The volt is a tinit that 

• , . 0 is used to measttfe the. pressure differential between two points of a 

conductor! It ^ the Borce that is causing th^^ dlectrons to move. You may 
also look at it V^sJ^euig similar to the pres^ure^. 
•in a fflfe. ' ■ ~ . / 

The ohm is a unit that is used to express resistance in a^ conductor to the 
' . , flow of electrons. This is similar to |t.he friction that .occurs iiLoipes when 

water is passed through;i;fi ; ? • v 

Power is the rate of doing work. The basic unit of electrical power is the 
^ . . \yatt. It|Can be found by multiplying the voltage times the amperage. 

' * " . '■ ■ . *■ , . ., i '.- " ' 

There are two types of electricity in use . today — direct current and 
alternating currents. Direct current is when the electrons flow in one 
. direction only£ Alternating current is when the electrons flow momentarily 
in one direction and then change to the other direction. 

* The relationship of current, voltage, and resistance is given in Ohm's Law^;^^*^^^^ 



It maybe expressed by the following equations: 

Current equals the voltage divided by the resistance. ^ 
' Resistance equals the voltage divided by the current. 

Voltage iis equal to the product . of the current times the 
' resistance. , : 

".."''»■ ■ . ^ ■■ 'i . ■ * ■, • . 

I t 

^xample l:Find the current when the voltage is 12 volts and the resistance is 6« 
/ Ohms. ' \. 

EqiifPion I = E/R . 
Substitute I = 12/6 
Solve I =.2 amps 
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Example 2: Find the resistance when the voltage is 12 volts, said the current is 2 amj^s. 



■." . . Equation-R ■ E/1' ' -^'^ • , / ■•. 

5: * Substitute R = 12/2 . ; , 

Solve R = 6 Ohms 

■ ' ■ • ' ■ ' ' ^" • 

Example 3: Find \the voltage when the current is 2 amperes and the resistance, is 6 
Ohms.'"". i 
, ;.■ JE<juationE:V^,||^_^^^^ , ' \ 'V .: , ' ; 

Substitute JE . f 2.^^^ 
•■•Solve E ■■■-^.^volts ■ 



Power in an electrical system is measured in watts and is the pt*bduct of 
the voltage times the amperage. * 

, . ■ . ■ "'o' '' 

Watts = volts X amperes v 

■ . , ■ . "■ ■ ■■■■■f, ■ • ■ ■ : ■ ■ :"" • ; 

If Ohm's Law, E == IR, is substituted into thie power equation, we can 
express the power in a circuit by using the following equations: 

■ ' ■ ^ ^- ■ ■ ■ . * • V 

• 1... w =--E XI v"' ■ 
. 2. w = iVx R . ^ , ' : 

3. w = evr , . ' ' : 

The power using the allbve equations will be given in watts. This may T>e 
converted to kilowatts by dividing watts by ioOO. 

1 Kdowatt = 1000 watts 



Reference: ' Electricity Futidijnentals . 

Assignment: 1. Define tHe:i£0j^wi^ * \a ; 

: a. Volta^ (V^?: ^ 

b. Amperage , 

c. Ohm 

. d. Wattage i « 

e. Direct current * ' 

' . f. Alternating current 

2. Write the Ohm's Law equations for finding 
: ' . a. Voltage \ ' 

b. Current 

c. Resistance 



9.'' 



4. 

5. 

. 7. 



. 8. 



what current will flow through ia coil having a resistance of 12 Ohms 
if the applied voltage is 48 yolts? '\ ^ 

What is the resistance of a light bulb with .1 "ampere flow at 110 volts? 
How many volts will be required to produce 1.5 amps through a coil 
with 7 Ohms resistance? 

The resistance in a circuit is 100 Ohms and it is connected to a 4 volt 

battery. What is the amperage in the circuit? 

How many watts Would be used in each of the following circuits: 

a. 120 volt at* 5 amps " : > 

b. '1000 Ohm resistor at 1 amp - ' 

c. \6-Ghm resistor at 12 volts 

d. 9 amps at 120 volts 

Wha^p the resistaiice of a '60 watt, 120 Volt lamp/ 

FiraLthe current for a 800 watt, 120 volt toaster. , 

A X^O' vcit circuit is supplying the motor with 5 amperes of current. 




kw/hr. of energyjs the motor using in 24 hours? 



& 



■ t . ; 
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Reviey of Electrical Circuits " ; - Assignment 14 B-2 

\ - . ' , ;, -.v. V'.. - •' ■ ' ' . " ' • • ■■ ■•■,/] ■ " 

Objie(|jdves: 1. Be able to, identify electrical circuits. 

2. Be able to solve problems in series, parallel, and Iseries-parallelc 
; for voltage, amperage, and resistance. 

3. Be able to solve proJ)lems for total power in a ciroiit. 

Information: Let's review the series, parallel, and series-pafallel circuits. In the series . 

circtfit, there is^dnly one path for the current to take. Each device is 
connected together in a. continuous path.' In the parallel circuit, each path 
■ or bran ch is connected directly across the voltage source. The 
series-parallel circuit is a com|i^ination,<jpf the series an 

oiie circuit. The series, parallel, iuid? series-pa^ iii ^ 

Figure 14-B-2rl. ' v , ' i ? # 

■ . ..■ ^ ■ ■ ■■ r^" -'^^^ ^ 

The total resistance in a series circuit is the sum of thie resistances. 

/ .The current in a series circuit depends upon the voltage applied and the 

% total resistance. It is found by using Ohm's Law: " ' 

. - ■ - -. " , ■ . ■ •" ■ ■ ' . " - . • . ■ ■ 

■ .. ■ I ■ 

-■■ V; . ' ' . ■ ' ' • . 

The sum of the voltagies across |||ch resistor is equal to the apf^d 

;■ ' ' voltage., _ ■ ' ■ ■' ' 

■ .... " . E_^= El + Ej + El; etc.' -'r 

The total resistance iij a parallel circuit can be found by using the 
fonchvihg; ^uation: 



Th^ cu!TenTTn'^vparallet~circ\jit can be different in each branck. The 
current in each brajVqlv is .dependent on the resistance and the voltage in 
that branch. The volt^e""4&,^e. same a<:rpss each branch iij a parallel 
circuit. > ' ■ 
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Series-parallel circuits can h^^^^^ compliclated. They may be solved by 



applying the same basic/^m^^ we used in^ solving problems in series 

and ^urallel ^fcircuits. The seripsrparallel ; circuit has to be simplified by 
sep£u:a^fflp^^ solvingjtlie. series and parallel problems within it. 



/ 



Facts ^o'remember in a series circuit: - 

' / • . • ■ .■ 

1. /Thd current in a series circuit is the same throughout the circuit. 

2. / Total resistance is the sum of the resistors ift a circuit, v 

3/ The sum of the voltage across eacli resistor is equal, to the applied 
/ voltage. ' ^ 




Fapts to remember in a parallel circuit. 



1. The current in each branch is depen^nt upon the resistance in 
each branch. " " ^ 

The total current is the sum of the currents' through each brsm^^^^^ 
The reciprocal of the total resistance^ is equal to the sum of the 
reciprocal resistances in each branch. 
4. The voltage is the same across each branch. 



Facts to remember in a parallel series circuit: 



1. Simplify into series or parallel circuits. . ^. 

2. Apply same rules as for individual circuits. 

Power in ij^ny circuit nlky be found ^y using the following equation: , " 

^ =^EX It 

The voltage (E) is the applied voltage and the amperage (I) is the total 
amperage in the circuit. 

: Stationary Engineering , Environmental , Control^ Refrigeration — Science 
Manual — 1 

' \ ■ . . , ■ • ■', 

Note: Sample problems on series, parallel, and series-parallel circuifs may 

be found in this manual.^ 



36t 

334 



}■ 



Assignment: 1. In Circuit "A^y Figure 14-Br2-2, solve for: 

a. Total resistance a, 

b. Voltage across each resistor 

c. Total cuireiit , : 

d. ^Current through each resistor 

e. Power in the circuit. ^ i 

2. In Circuit "B", Figure 14-B-2-3, solve for: 
^ a. Total resistance 

b. Voltage across each resistor 

c. Total current j| ' 

d. Current through each resistor • 

e. \Power in the circuit. 
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12 OHMS 




12 OHMS 





(8VMS 





20 OHMS 




10- OHMS 




4 .. . ■ 
CIRCUIT A 
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CIRCUIT 8 




■■/.■•■ 




. Basic Burner Corftrol Circuit 



Assignment l4'B-3 



,Q!>jcctive: 1. Be able to described ^ aqula^tatj arid low wafer 

cutoff are connected in the burner control circm^^^ :f^;; v 

rnformation: On most stci;|m gerierari^ package boil^s, the /ollqwii^ will t^e :^ 

: / wired into the control circuit:: * ' ^ " / ; . 



. IV A '^l^sd^^ — an automatic switch that closes or opens^^;^^-^^^^ 
: deperidiiag.on^ * \ / ^ f " ■ 

: ; ; . 2. An aqtiostat — an automatic switcb that closes or openft^eperiding 
:** 0 ; on tKfe temperature withihv the boilj^ * ' Vo 

; : 3. A low water cutoff — an ^automatic device that opjens^or clo^Ss a . 
/ ' switcludepending gpon theilffgel of water vfiihin^^^i^^ 



■m 



-V. > : 4. . A.manujd'oriHoff switch. —1 fo^ 
^ ■ Tliey are'connected in series as i^^ 



T0 



. lije ejectricaJ connection for this ^^^^ 

dbne to insure a positive deenergizuig^^^^^Q the. circuit ih' fhe event bf^a- 
' ' grp\ind«^^^The ptessure-trolv . aquastat/; low w^^ and the j\Qn|6^ 

switch are in series as shown ynth the bunier. circuir 
. switches are closed and the coil is enerrized, the relay 

circuit cohtocts' and starts, a sequence of Dunier><ipw \ > 

pressure reaches a;^preset^ the pressure-trol vml open ^th us ; shutting '^^^^^^^^^^ 

down the burner, tlie aquastat opeiis on a rise in * teriiperatiurev Thisr^y';.':^^^^ V; 

control is no^n^y ortly .used^^^^^ keefp 'a^ boiler hot for standB^.iuserit is '^^^ 
^'iSsvijJly in a clo^iea position duiT^ that loS^r . : 5 

water cQnditioil^ the sivitch . vlifiH open;;^topp^ 
:^ contfok:^ 1^ a safety- purpose>^^^ P% A 

not blocker ;jti^ control ofthisrtypje; it can liiye?diwt^^ results. : 



l^a$nce: " Manufacturer 's Imt^ Manual 



0 



':0- 



Ass^ment: 1. What type t^f.dircilit is used in the burner control ckcm^^ 

2. Show with aline drawing how No. 3 bi^er c9ntrol circuit is wired. ; 
.^^^J^bit purpose does the folIo>ving serve in the circuit: ' ; • ' 

b.. . Aquastat/ "'^mL-\ / ' :\ ' --0'' 

. :.c..*. iJbwwatJjr i:utoff ' ■• ^v'^ . , . • ' '-v. /-^^ 

4. Why is it inipottan t tO; hay e a transformer in thi s s y stenL?-!-^, , — 




(nd i^>iptciies 



Assighment 14-C-l 



Infbrmaftion: 



. , Be able to explain the^^urpose of starters, fe|ays, arid switches. 
2.j^ Be Vble tcexplairt how.the starters and relays f^^ 



A relay is an electromechanical switching device tnat cah be used as a 
. remote controL It consists of contacts and a magnetic coil that closes or 
Opens the contacts. A relay may have, several ^airs, or as little as one pafr, 
of contacts d^ ^^nding upon its use. The coil is normalpP, energized by,:^y ' ! -^'^ 
• control circuit such as the one discussed in Aissienment 14-Br3. TherefsltieP^ ^; 1. 'J^'^'r 
many types or relays such as tmie, ciin:cnt,^vbIfcap|jpower/and a number^^^^ 
of others that are designed for speciial functions. For bur purpose, rclayS '^'S-y > ''\ 
are used fpr starting circuits, switching circuits, and SesN^ety devices. 

-A-reky— wth-^vei4pad--protectiott^^ . . . 

through it to a. motor, is known, as a starter. The p^idad^^ 
usually heaters that if overheated by excess current causeitlVe Ti^y f^^ 
drop out disconnecting power to the motor/Thls'preverit^ OTpiWe 
to motor and wiring. . ' . / ^ ' « v ^ 



y The switches Used for opening or closing electric circuity nta^jl^^fbe^^ 

7 ' \# automatic. An: exampidBpt a manudi SNyitch 4s tne^ 

: f - switch, fDund in our homeSror lights, etc. A/prei5SW£ftrol;fe^R 




Reference:/^;:, Industrial Electricity 



3 



i/ |JNarnfe at least, four relays tlrat are used ih oi|||b6ilertooni^';A,,,;^^^^^^^^^^^^^^^^^ • ■ 
>.*Wharis: a starter? ' . ^'.^^r . ■ ' ' ' - '"^^Mm^. ' 



2. Where are relays used? 
3 



4 

1:5. How^oes a Starter Work? 
^6^j;iAre dl the same? Explain. ; 

^^R^ame^^^-variggs types ^ switches in our Jjoilerrbbm 
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Fuses, Br( 




AssigtM[nent^l4-C-2 



Informatic 



It • 



prevent 

•and^& many^iiis^ances'they'^revei^^ 



.mi 



A. fuse cSniwiisia rriet^ isv^insertea^^M^^s^^ 
current is iiicreased beyond a is^ed value for:a>deiinite ^^^|^^ 
the metal/yt^ m or break, which opens the circuit ainH jpreveiit^^^^^^^^^ 
Some fuse's used for motor "prdtedtion^^^^^^h^^ buj|>i'into them. 

Thisi is to prevent the fiise^^^fi^ blowing on startup when a ni^^^ is 



it 



A circuit bi^eaker is ah dectromagnetifc or thiernial device that opens a 
^ circiP^ cuirent in ihe circuit exceeds a. predetejcmm^ amount. 

1^ The breakW^^ until th^urrerit reach^S''|lie set poifft, arid 

\ then it/ trips: 2^ tp open: the brewer. Cifcmt breakers^ can be 

equipped with Vrii^^ y .-^ 



rjente > ' Ml^ctridiy FunddmentdU 




lieatiefs are thermal ovibrload devices that ardfusually used in startets. They^ 
are connected in series in the ^m^ cir^ffif. Ti^ open the^hold^ v ^ 

circuitiSiri the relay when the motor is Qv^^ 

butnoiul of the mowV WMi dealing with fus^^^^ breajcers, - • f 

heaters, it is very'unp^:^^ that thd Proper si^ bj^^ .electrfe^ ■ ^> 

wiring ^uld Jc^uipJ|Ient^^^'fe iiot protected w^en ^^pHb : ^'^fes^-^:; 

breakei^, and heatfirs are used. If in doubt; follo^^ 

sp6cificarion or^check with the local electrical co^e-^i- V ^ ; ^ , ■■ .'^'^■ ■ .■s^^s^W 



grim^myt* i.^^^^ is the purpose df a fuse, arid where. aire ^th^y'used^ . 

\^2^^f/^ th^ purpose of a circuit bi^ker?|. .^ : ^ . - i ^ 

, advantages pr -disadvaiitages -^oes * i <:ircuit breakeix^ ha^> over a 



. - . . . 

- - -^ -.^^^is^tbe pur^|e : p^ h eater and wHare 
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: • : ' l^^^ih ■ Assignment 14-D-l. 



■.'■-•:\!i^r.i;,.Ciiiif' 



Mr 



objectives: f« Be able to describe the tyges of. basic eli^fctiScal meters 
2/ Be able to explain the us^/ of basic electri^ meters; * 



Inforinatibh:' . The basic instruments for th^ measuremerft ,pT electricity ailS! . 

■ ^■^^.vvi^^ ■■ ■ ' " v 

1. Voltmeter — measures, th^ difference- of voltage between two'; 
points in a c^uit. This instrument is used to check the voltager 

^ - ' jEuses, or a f)M|Kle bre*^^^^^ rr^ v: 

2. /Ammeter — measures the c\iTrent in any part of a circuit. If is 

usually used to ch^^ for^Kigh current in a circuit. . -^i; 

3. Ohmmeter ^meaOTes^th^^^ of resistance in a pj^ of a i 
— - — mpl|tfe ciRuit. Continuity fban also Jbe|, chimed 



circuilBDr m a co 



witK'this instmmerit/;^ V . 7 " 
4.,. "Megger'V or megojimmeter — used to measure resi^»U:e iri j 
■ ■ circuit. Thill instjtiment is used to check for a brealcdown of 
insulation; on coils, motors, generators, and relays.'When inisulation 
brCTcs down/ there is a leaking of^eleGt;ncity t^^^^ 
' is eiSpecially tYue in high voltage systems. - 



n 



when trouble shooting electrical circuits, i t i s , necessary ^ use one. or all 
/?o mentioned. Never us^dW^trument on a live circuit 

unless youl are familiar with its use. They are expensive to repair, and^i 
extensive damage can result^ from improper use. 



Reference:. - Electricity Fundamentais 



Assmamentv^, L 



What insmi'ments/a^!^^^ iK electricifl testing? , 
Explain the-use preaLcH instrument. " 





■'$^>'/■■^7..■■ 



1-1 



^d^ew of w Paries and'flSsponsibilities 



Assignment 1 5-A-l Z 



Obje^tjg^ii^^ 

,^fo Be able to perform the routine duties o&5ia^lK>Uer operator. 



Infdrttisition: The Watch Engineer or Fireman must' be prepared to take over a shiflrf^im 

# fo^w a certain procedures This ; pwce^ is imgorta^^f^^^^^ to follow ' 

- 2 ' plajit;^ii]y^ ruiP^ 

i; numerical .order Sihpws' the steps that he, should^^ " : V 



-1^ 




1. Report to work^^minutes ewiy to r^^^ the Wa.tch Eng^ 

2/* '^^Check- water level in boiler s^|p:sblowing down' the water, columh 

• -ahd gage' glass. ■■■■■■'"^ "■ "■■^v;j _ . ; 

3/ Test Idw water cutoff ^ntroL i\ " ^ r ' ; 

i check feed~"pump7~T|bearings0l^ 
glyids/ glgessiye^^^^^^v^^ and feed pump j^ressturev It^^ 

check l^fc pll puiip>r fuel oil pr^iis^ bearags,^^^^^^ 
vibratib^^ 
5. ChfeckCE 




Ifoel 



eer's Log for outstanding mstructions^ 

6. Check and listeri^or any unusual noises or steam leaks./ 

7. check water level in open'v^pi^ feed-wate or makeup feed 

8. ; Check burrier^^ ^^jjtbx ^gonrect ^ flaj^: mcj^^ 
■v./..,: - ■ temperatures 4nd'^^|^pi^ r^^^ji^^ ■-••■^^^ . . 
09. Walk arq^ 

■ in good operating xdiri4ittori>^ - ■. . .. ■ / 

10: Gheck aiid determinejith is adequate. 

''Siferoutine duties #ihe ISiiJibfliscat^ 

^f LabdSi^echan^ regulatijiiis state that at no^ 

iime sh^^ t unsafe inani^d^ 

'^^^^ the boil|t operatorS^^^;;y fti^' pknt to p^ certain K 

duties wKicli will ialway^s r^ the^same. The fo^ 



duties knd responsibilities: 



st of tl^e 




l^'^Msdntain^he pr^ leyel in^^he j^er ^t aU times.^^^ ; 

f Jf NeVelil^^^he bo!^||^oob a than tjk^ • 

acSin^idered;^^ ■■ ' ' ■ -'^ 

fSiit the Chief Engine!^ 



thi||btrect opjefating sfanfM 



; W i^st:tliei 



m 



•■.'.■.-"•'■Mv. 



-■0 
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♦ ''^^ maintaip! th^ feed-water regulator in good operating 

Edition., -w_ -% / v;/. :\-: -:i^^ 

v7' Maintain the burner in good operating condition. ; 

^^^8. Maintain the coirect fuel p||||^ures and temperatures, — ^ ^ 

9. Keep a. .record of the fuel oil on^hand* ^ '^^^^^ > 

lO. Ch^c^ aiid maintain the amount of makeup feed being ^used. '''Ij^-'^': .' -'^ 

» Always maintain an adequate supply of feed water; ' • ' i- vr 

' 11. Maintain^cbn^ect feed'Waj^r temperature. ' . : 

• V ' 12. Periodically inspect feed-water pump. » 

i; ^ " 13. Peirio^cally^inspect fuel oil pump. ' i . 

^ '\ 1^? Periodicailfcheck draft fans. f ^ ^ 

15, Maintain the proper draft in the boiler. ^ 

^'16. Check fire in fumac^periodically. /^^ . : ifl^. ■ 

17. f ollow Chief ^ EnHreer's instructions ^ for correct- feed-water * ''f-^:'^^^^yl^' 
treatment and boilej/bloWdoMm, s ^ - 

18. Use ^pgtvblowers Mmen schedt^^ '^^^^^^^ ^ ^ 

19. Stay ai&tp.for any unusual occurrences such as steam load chahg|s» * 
^steam leaks, low water^^the boiler, n\acl^^ 



%- 20# Always operate the boM" 



BqilfiT Plant Startup, Shut and LaVup 



Assigrimgnt ^>A»2 



tives: -^j-.'^^ Be able to describe, t^^ foi: ^Starting %p "^s^* 

•2. Be able t6\ describe the routine procisdure for shutting down, a. boilej: 



3;i^i Be able to describe the routine procedure for laying up a bbiler — w 




or dry . 




Infoi'^^wi^^ * One of the mo5t (Kfficult jobs for^ tireman is the starting up of/a dead 
plant; conipietely secuHng^a live pllgtrit/ and laying upi^ boilersy^ "^^ 

\Th e^startup prgcedur^ it8r any bdijer plant will vary 'frdpi plknt to plafit. 
It will depend ^pon such coniditions as the ni^ber of boilers, the size of 
. '^the plant, the ty pe of fuel ^l a toied. a nd if the p lant "is operAted 



automatically o r ma n ually; The pr^edure and^method may 
same ba sic t hings must be d^e m as safe and efficient a manner as 
possible. ■ . -^ M^- - 



Prepare the fuel before "fuinpul?'' the'^'boilere^^^^^^^ 
determined by the type "of fuel being used;. 



-Wh|^gas is i^d/Uttle or ^o, preparation is nec^ar^^cepr^l^^ 
the conreotsiptessure is a^the bum- v. x .' 



> bum|ng coal, an adequate supply, of ^4l'm hamd at the stoker*^!?^^^^^ 



or at^tjie pulven2iT{|^ill. Ii|p|^, xase of^e s^er-fired boiler, a' wb^^ 
.fire must be. starteS' it^S^e furnace to^g^ bed of coal,. * ft^^ 



fmust have : the; oil dre|«|^ting vand^ at thga, p roper , 



Heavy oil-fired bpilj 
' . , ^^'^^^^^ burned. T|L^niea%tlTi^ 

.^vt^l^ . heaters^w^^^^^ Hgl^ gradei^f^^^ 

4l- loused fir^t' lighting, off the - lip^^^^ ^AU fueK^il' str shoilld.^e^^ ■ 

I cleaned as welLas the/ fuel oil burner assem - i'oV 1 ' - 5; W^:. 



-The boilejs; should ; be checked ' for. 'any misstrrg or 'o^eft in^pectijp , 



• ope^gsTTS^ll'/rlstack coverings .^b^^ ^h0J^6yed^^^ hand operated .'• 
dampers should^|be ibpejgedv.The correct; wal^r Jevel^sl^piu^ be shdiibg in - . 
*tljegage glass: - :r 

'W >^lves, in the nim stbam line should Ke opened and do1«d.|i^^^^'^^^^^ 
. .thli^ln steam, lines andjhe^Ser ishould be opened. ■ - ■■■j^M^ 



III' i',' TiM^ltfl^ i iifrt 'iir*'''r''aiijiifti 



|«•al>iilft^^(^l^^^l!^tN^^^ta^p«<^^||^^li^^j^^ in 



; The* feed; w^^^ to . see;, that:. the system jb lined " ' 



My . 



•• ■• • - ' "^-ii- V- ' m-^^C. f".m^-^^- . . ^ ... .... ..... . ..... 
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up tq the boilers* and the proper valves aixT ope Feed pumps, feed water 
regulators "should be inspected/ Therie should be an \,^equate supply of 
wiiter in the f^ed wiater heater and the^ake-up feed tan^^^ . Hi 



# , The hyDilers should be purged of aU combustible gases before the J^urner is 
■ '"' fired. *■ ■ ''-'-M^'-'' 



■it, 



Check all the valves on the boilers tpl insure their proper ^ p^ 
bottom blown down valve should be closed. TKe water column, gage glass, 
steam pressure gage, air cocks and super heater drain: valve should be in ^ 
, the 'open pq$itiop-..., V ■ rr.:';*'/:^^, ., ^^■•^•v ^ 

iWarm the; boiler prevent uneven expansiph andffcoritraction. 

Open the automatic non-retu r . 

Maintain th^ nori^ ;water l^el iii the boiler. When the steam pressure is , ; 
about 25 lbs. cj^SBI^e ai^^ Open the steam line drain betweiei) the • 




ope nf^^-heSmain stop -valve. All super 'heater drain valves shbuld be closeH /..' 
when steam from t'he .plant is being iiised. ., \ 



A||tliis^ time the autbmatic^omt^||^ ahtt- f^^^ 



isfibuld t)e checke^. fbr?^ 



machinery. 



<r5 



ierroom 



iXiring this period ofi?^time the boiler op«^^ to bei^^constahfly a^^ 

V fo^ occurrences, fp^it no other time wiU tli^;:^^^^^^^^^ 

;V> ^^bperaticp vPf the ■ boiler; plant be more criiii^^l thaui at start-upV All||p"^^^ '^^'C-y^ 
,.J^^i.., bqjlerrqprn Ijj^L^^ 

^ ' ^ are used they -shq^^^ and v^chgclvvery closely.^^^ ' j 

* ■ ■ ,■ ' : .Nothihe-should he^takdn fbr'granted. ■'"'-■■//■■:■-:"..■■ ■■ ' ■ 

it: ^.gi ^p ^img. doWn: a boiler plants properly will reijuire^i^i^ta 

§1 • .# J^'^^MP^^ ^^^^ y^f^^^^^^ ^^f 
' ; .^piantV len:jgdi of shutKlowh ajndj tirfi year.^ It Ifnaist :;t)fe ^^^d^ 

whenever the plant is started up again there will -beWap.^^^d 




Th^ fuei: syste-m should^.b^^^^^^ arid, the burners clejmed^HowVth^ 

■v^Ub&^do^^ type of fugjfi 

■?vA'- gas : system V v^^ or no attention. A stoker wiU^ 





;;4 iclcanim^;^^ fueli; oU gsysitem : v/ill : tequirisjv^e^j::!^ 

-...A- ■/•i^.-' ■• 'ii;.:.- ; •■ . /:;.:;:strainer|,,cfc^ 
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iis*,':-/..-;^-* 




:r cle^ne^In tf^p^as^ # ..^v: ^ 



che line^Vshould be blown out by air to ensure that all lines will be clear 
wheii starting-up. 



The. boiler steani;. stop valves should befclbse^and all steam line drains 
opened. The suj^theater drain should be openW as soon as the boiler is 
shut down. When the steam pressure is down to 25 Ibs.^ the air cock 
jhould be opened. 



Wliiie the boiler is cooling down, the watet^J^^el; should be nid^ at 
the normal operating water level. Whe;n the^ 

sufficiently, the > feed purt^^ should . bi?' 

shutnlown and ill.}yalye& iit ,the s^^ 



liyhenItl^.;bo haS; "cooldtd ofF^nougK^^ it ^ the fireside should be 

open^' up and cleaned including } t^ breeching - and th^ base ^^f the 



""chimMyv iifltfte^ panels shquM be 

puW^aclc and; ^^e boiler fi^ up rfiak^g sure that all tool^Kavi^ 

^een removed. .■ ■ ^ 

The water side of the^^^b^^^ up, but make sure thij 

there is no pressure or vacuum -^r the boUer^i All inspection plates ani 
cb^Jkare remind, and the w^^^ide^is flu^ 

sluage or scale in^^the boiler. it up ri^^t making sure that all tc|^pls 




. aj|jd. rags^have been ren\oved. 



Boilers that are^d be; i^it ^ be ;>protected aig^ 

deterioration if^Jfney ^4 fto^'W^^ dp^prbperly, they could be; d^^ 
due to oxygen pitting of sul^ atuckf There are|tyro 
up a boiler 



wet or dry.^egardles^^^^^^^^^ 
must bet'thioroueRly cleaned on both the fiire-aiid the water- side, ifl^ 
i^so ihspe^l^ shou^ be madp|a^ 

liiiay j^cgeS^o^y it up in tfeiji&her'.d 

; ap: a ^iler, .keep^^ i^ rriind^^i^hcH^herMit^ w service toci)^ ilons^ 

peri(^^ f V t im(2 . A^fei ^ is th ere: danger of freezing ? Is it|Q(gS^M»i^t ^ 

biSiU bacll 



, :tO ; 

Sdcfe? After yoii hav^blMswefr^d tntse 
' ' tfecide on the best ntethbd t o use m layiripup 'the ^^ 



0^ 



q ugynonSy you , paiy 
boiler. 



i 



Assignment: -i. Why would it be necessiiry for a boiler to be inspected if the planft 
^ had beeii laid up fbr'a' year or twcC 
W}j||j|is it so important to remove all ash, ioal, and soot When laying 
\xp a boiler? " - "^'-^ ■ ■■ ' . 

3. Wheh would you ireco;nmend layiog^up a boiler wet? JDry? 




tj^e pro^^^^ Would%ill6w when laying up al)biler: ' 



a. Wet 

b. Dry- 



'^iS^/ f^0'- ^ necessajgp^o piu^ thstt^^^ off the line and % 

"'■'^'V' out 'of service?' ^ ["'■^'f-.^'-y* 
-S^Why^does— the-^Q^r-operatei^have^^ 

before ha^ilights off a dead plant? . 





5-. 



I 





'-■l.:: 



HigK and Eiow Water Condition m a Boiler 



Objectives: I. Be abIe.to hand^ifl^ 
' ' v-: ; . .-y^jc^-T,.. , ;ifle able talia^^ Water iiri-^teraittt b^^^ 



•■7. 



Infbcmation : Steam boilers are ; equipped with low water cut-off deyjctjs,^^ 
, and low water whistles. These^^^ 

job and give the boiler bett^^ 
; lo^ or hijgH-^^aYer conditio be due to operator neglect,; 



1^ contr||J, or boUer failure/ The exoMr of dverheating or 'damage <?to|t^;^^ ^ ;'!^ . 
^ > be deL||^nined by how Spckl^ th^ ' ' ' 

thoHllidition that'^existsl;'',': > ■ ''"■-■-'"^^"^^0 v- . ■ '.• .' ;V' 




^Ahy time the op^ c^nOt see water in ! tfie gage ^lass, a lov^ waterr; 



con3k4oii^exist^^ 



iihmediat^,. ' By takiiS^ihinriediatci^^^^^^ 
'^^bo^er dariiage or prevent damage irdm pccurriii^^ 



The cortri^ct Vhiethbd."/^^ a - low ^^p'er conditioh^ ^ 

6jjdij|ed^?in the^^^ will ya^i^ t^ rol^ vexten^^^ af 
Bmlef^iii the^ ft 
counts fSwaridf 



m 



doubt about the ivatfer leyel- 
imme^ 



i^J? secure' ^ 



The^nger e3qsting;;\^^ bbiler is enti^ly dififerent ; V 

'^from-a low wijterllcbnditi^ "Ic^ \Yat^r't^ie s^ drum,>tubes, 

V and funiace/tre;^ert(^ - 

\ ; : >i|i<§^ersi and steajlr^^^ ■ as : pumf?^^^ }^ ; tiftj^^^^^a^^^^ ' ^ • ^ > 

endangeredi^Aa leyej ui' a steamJ^ 7fS 

j^^oi: higher, tliere is a^ strti^ng j^s$ii5Uity?t^ . watei^ is; bei^ 5 ^ " 

: with the^steim^ The Ic^l shbu^ i^^HS^ettSyl im it J ' 5 

(PJ : ■ ; ' . necessit^lfes:' u^ing the -^ttonri^ .blowdq>^^^5^^ r;!^ ^ 

'-''^'■■■r ':i^^^^i boiler >^ t6;vl/2 ;bf a gage-^ '/M- ■ ^ 

'■ ^^^^^^^^tlil'-are%s^dg^ 



References: 



Assignmem 



Steam Plant (Jperatioti '^-i--,, ■ '^:|''^; ' 

Standl^d Boiler Operators' Quiestioiii and Answ,ers* > 5 



conditib^i in a si^am^^^^b 
i2.'j|^ Whiat is a J^^ .; 
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• 3. ;:' Wh^^^^ 

^i5^r^ \ ',•■'!"■..* •• ■■ ..^ 

\ : 6rj What is the danger'^ft^ : >^ i-*^ ^ ^ ^ * 

7j W^^ prevejit dama^^p 

• "steam* boUers from lo^ 



'V!''''' 




.'I 

4 



'%^4^;'-"^--r\ ^l^- 



■■V;j > 



■ •■ ''V 
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Flame Failcire 



AssigniAent 15-0-2 



. Objective;. 
TlnformafionT 



l#r . Be able »to-know yhat to do if )J^ou have a ilame failure. 



EKLC 



~lif"yOT~eTfteted~a:^boO^ 
with little or no pressure, it would be off for -one or two reasons. It wduld 
be off because b£ IbW water or flame failure. Low water conditions have 
been' discussed; now we will discus^ flame failure .ct>nditions. Flame failure 
is as the harhe suggests — no flame — no'fire; for some reason the fire has/ 
been lostV A ^' flame failure can lead to a furnace explosion^ A furnace: 
explo'sioh is the ignition and instantaneous combustion of explosive or 
highly flammable.gas, yapor, or dust accumulated in a boiler isetting. In 
minor explosions, which are referred to as puffs, flarebacks, or blowbacks, 
flames may blow suddenly for a^ distance of many feet from all firing and 
access ^doo^s. Furnace explosions can and do ^<:ause serious and costly 
damage to boiler plants* in addition to causing personal injury, The maiii 
causes of furnace explosions are 'lack of adequate purge, hun\an error, 
flam© failure, or a faulty fuel system. ■ 

TNfbt all boilers are 'equipped with. automatic flame failure controls. Small 
package boilers will be equipped with , a fire-eye or similar device, that will 
shut the i1&ain,fuel valve in the event of pilot failure or loss of the main 
flame. Large plants rely on the operator tp\handle flame feilures safely. 



Let's lopk at some reasons for flame failures: in a plants 



ir-Oil^firedr---^ 
\: . - av- - - Cold-o il_. 



b.^ Water in oil 
. c. . Air in oil lines 

d.' Clogged strainer 
. \ . e. Clogged burner tit 
. f»^ Loss of oil presadJe . 
2. Gas fired: 




•J 

■:■/. 
, 1 




; , a. , Low pressure in^gas ,lineS^ 

r b. , rWater in gas 
*; V , 3^ . Pulverized coal: 
a. Wet coal 

b; Loss primary air / ' 
c. Loss of coal to m^l due to feeder failure or blockage ^ 

- In a plant protected by autofhatic control^, fhe operator checks the 

„. ■■■■■■ . 383 , ■■■■,/ *, ■ . / 
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firebox for signs of excess fuel and then resets fiis controls and lets the 
"controls pjut the" burner through a spurge- cycle and- thieny through a- firing 

cycle. In a plant that has no^ automatic shutdown, the operator must 
. secure the fuel. Then he^ must manually purge his ' boiler to prevent a 

furnace explosion. It is necessary that .the.,pperator be thoroughly familiar 
r-with-^}ris--eqiiipment— a.nd--^ollow^ 

purge and number of air chanjges required before attempting a nevf 
■• light-off.- r:^-''--y'''-- ■ ■ ■■■./'■/ 



/'References: ' A. S.M.E. .Code/ Section T 

Low Pressure BptlerS' ^ ^ 

CornbustionEr^ineering 

Assignment: 1. Discuss two reasons for a boiler being. off.' 

. 2. What are some reasons for flame failure? 

3. What is a furnace explosion? 

4. Discuss in detail how you would prevent a^ furnace explosibn /on /a 
* , completely automatic boiler. ' / / / 

5. ' Discuss in detail how you >yould prevent a. furnace explpsiph ir/ a large 
, boUer with no flame failure protection. 
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. Boiler Routine 



' Assignment 16-A-l i^^v 



Objectives: 1. Be able to explain wh)r the fire side and the, water side of boilers niiisl- 

. be -kept clean- J - .= / . 
?. Be* able to explain the necessity of boiler inspectibti. 



3. Be able to explain the purpose of 'boiler layup.y 

4. Be able to replace bo_iler.gage glass. . > 



Information: 



When you buy a new car, the manufacturer siipplies ypu with an owners 
manual. This manual tells you what the service requirements are f^ your 
£ar. If you expect your, car |o give you a- long trouble freeMife,,you take 
care of it by following the recommended maintenance policy. 
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■A / ; 



. .- ^ ■ ' . 



'Well, a boiler is no different from a car; it too requires jcert^in minimum 
care. To prevent corrosive attacks of sulfur in the ash, Jcbal, or spot,, the 
fire side must be cleaned. This will also increase the efficiency by cutting 
down on ^fuel consumption because soot is an insulation and retards the 
tPansfer of heat. Wheneyer a boiler is off the line, the fire side should be 
inspected and cleaned. The water side>of a boiler willJ|after a period^^^^ 
time, bjiild up deposits of sludge and sediment. This! is the resu^ 
feed-wafer treatment; . The fee3-wafier, whfti^ properly /creatfed,. tj^tns the 
scale-forming salts into a non-adhering slud'ge ^yhich stays ii^ *su'Spension 
and visually most of it is removed by botto^n blow^dl(yns^.lf by;^ciiance' 
the feed-water treatment is neglected, .the bojief \yill then havej scale 

'deposits building up on the heating surface. These 1 scale deposits, will 
increase fuel cdnsumgtion and will lead td^overheated bkder metal; B 
out tubes and even a *boiler explosion could result. TJlie boiler should be 
scheduled for some down time between inspections I where the wa^^ 

~caTHje~ch^clcedrir^an~eitte^ 

should be tur^ined. ' ' . //[ ' 'I • ' I ; 



jrhe State of New Jersey puts, boilers under .'the jvirfsdiction o 
Mechanical Inspection ^Bureau. This aigency requires thW aU high;pre^si^^ 
boilers be^ inspected^nternaUy and- extenially /o year. This inspection 
is carried out either by a State Inspector, *or an Ir^surance Inspeptor. A .; 
report is then;ftled with the Mech^anicd inspection Bur^au.^lf the boiler is 
found fit to^'operate, the State issues a boiler certificate which mie^^ ; 
boiler may be used for another year. These lx>ilcT certificates by la wl must' 
be postc^J in the boUerroom. Failiiref tp post a tpiler certificate will result, 
in a/J50 fine for the fiirst offense. ■ ' ■ 

It is the operator's' riesponsibility tbf prep^^^ tne boilers inspection. 
When you are ready, notify the inspector so an appointm can be rrja^^ 



^ "must be thoroughly clef ned^ All plugs oh xross connections to the N^^ter ^^^^ 
.•. column, feed-water regulator, gage glass, and low water; cutoff must be ,i 
reniovellljphe feed->yater regulator aod low water cutoff float chambers /.^ 
must also be opened" for internal exarniriation. The opefator should be on 
Jiand to as'sist^the mspector, and he should-paint^out-any-tmixblelspotsJie 



may have found so that they can hp checked dut^ 

♦ / _. J ., ; ' ' ■ ^ . . . ' 

Some safety rules to foUowj when getting' a boiler ready for inspectjion are: 

1. Always cool a boiler slpwly. . \ ' ^ 

2. Do not allow a vacuum to form on a boiler coming off th^ line. 

3. Secure, lock, and tag out the main steam stop-valyes.. 

4. Secure, lock, and tag out the feed-water valves to the boiler. , * 

5. Never dump a hot bofler. / , 

6. Never dump a boiler unless you are ready to open and flush' it 
out, , ■ ' " * ■-)^'. ■ ' * ■- • 

7. Always check to make sure. t4ie air cock is open before opening 
the manhole cover. > 

8. After dumping, secure, lock, and tag put bottom bloyrdowri 
valves, or remove the valyes^and bltok flange the blowdown lines 
to blowdown the tank. ' : 



9. Never eQter steam and water side o^l^^Uer until "YOUV have 
checked to make sure stop valves, feed-3p^fcr lines, and bottom 
- bJowdoWn lines are properly secured, ^ 
lOy Never qnter steam and water side with a drop light. Use a sp6t 

light or a low voltage drop light. 
11. Always use proper ladders pr^cafolding for cleaning. 



If after ins*j^ection^ the boiler Is to be laid up, toilow the procedure as; 
outlined in Assignment 15-A-2. 

;." ■ ; \- ■ ■ -.s ■ ■ 'v'"*:^'' I 

If you notice the gage i glass is dirty or has been leaking whdn preparing 
the boiler for inspection,'^ it should be either cleaned or replaced. How this" :• 
b done will^epend on the type of glasfe'^you ^ha^^^^^^ 

are usually kept as a spare unit. The hplder and glass a|^>^stalled by just 
breaking a union on the steam connection an'd one on the water . 
connection. The new unit is then iiistatled and the old one taken down on 
a work bench and opened.up and new gaskets, 'mica, and glas^ installe4^ 



.A: 



' ■ ' ■ .1 • 



,1. Remove gage glass nuft. r ^ r ^ 

2, Remove old gla3s. ''^^^^ 

3, Remove old. gage glass wash e^^ and ^install new ones. 

4 , — Eut-in-new-glass^ 



i. .:. 



5. Tighten gage glass nuts hand tight and then turn with a wrench. 



Note;* If a gage glass must be ciit to size, it is cut Va" shorter than the 
inside measurements, • * 



. r . i If a glass m.ust be changed* with a boifet under pressure, follow the same . , 
. , . basic procedure outlined above. The ojily- difference is you nuist first shut 

. , / the water and steam valve to the gage glass and then; open the^age glass 
^11^ blpWdown valve. After the, glass is iristalled, it must be warmed up as 
. £d11ows: . . 

' ; . 1. Crack steam to gage glass.; . ^ : 

2. " After 'glass 4^ 

• ^ , ' ' . : ■ to.|agci.glas^l- ■ ■, ;/ ■ - : - 

3. Close gage glass bio wdown. valve. . . ' ' .■■■7] :< 
' 4.. Checfe fbr leaks. - ; / . . > 

Note : * Whenever working on a g^e ^lass, ^ou should j3J\yays wear face or 
r eye pro tectbri. If" a gage glass: under pressure 

r . ^ go aU over the place. 

Refejences: ^.S.MjB. Cbc/e, Section 7 
, . - Steam' Plant Operation 
^=L-^„ ~ LVu^ Pressure Boilers 



Elementary Steam Power Ekgineering - ' ~ 

.\; . ; . ■■; ■ ■ ■ ■ ' ■ 

Assignment: , k *Why must^the fire side be protected from ash, cpal, arid soOt deposits.* 
2. What' is the cause of'Scale formation in -the' water si4e^^^ 
; : 3; Where d&e^ 'S^ 
* ^ * : fromVljoiler? n . ' t ^ 

.4. How often must boilers be inspected in this st^te? . \ ^ 

; i5. Can a boiler be operated without a. boiler certificate?. 
^ ' i 6. Who issues a boiler certificacte, where niust it be po 

^ . penalties for failing to ^ost? I, " 

; 7. Why can't you dump a hot boiler? ■ \ v 

. . 8.- Why should yoU flush a boiler as;l|3Qn as you dlinip it? ' 

9.; /If a gage glass has to be cut to ^ :V 

lb. How is a gage glass warmed up? \ ' 




jObjecti 



tive: 



J^Jfr Be able to explkin the burner ^^outine for rotary' cup^ atomizifijgy 4^ 
V and gas burners. ' * ' : . * , 



7lirforniaiioiin~^ 

V s^ffi^i^"^ quantity, mixed with the proper amount of air, and in the 
" ^ rr~^''"'^ 7 jproperi cohditibii^ to buim^^t'^is ^^^^ 

i fam^iajr with the burners in his plant and the j)roper cleanii^ procedure. 
' * Basically burner routine consists of cleaning burlier tips, ignition electr6des^ 
' and 'strainers; checking ignition gap; keeping pilot lines clear and fire-eye . 

\j- ports clear; and maintaihing oil level in sumps/ It will also be necessary to 

;• periodically dump, flush, an^ renew oil in sumps. The' forced draft fan of 

^ / . . rotary cup burners must be ojean, and the line going to the air switch, 
^ must be removed and blown out at regular internals. 



References: 



Assignment: 



Rotary Cup Burner Manual 
Air Atomizing Burner Manual 
Gas Burner Manual 



,1. Discuss the following rotary cup maintenance: 

a. General " . 

b. Daily t. 



c. 



E^ery three weeks 



Every three months 
Annual V / 
Discuss the following air atomizing burner maintenance: 
a. Metering oil piump ■ ' ■ . . - ■• • ■ .'- 



bjjj Primary ak;^purnp / > 
ic. Air pump Jube:system 

d. Oil-air tank 

e. Oil nozzle ^ ' . V 

3. Discuss.the following gas burner maintenance: 

a. Gas lines to burner" 

b. Pressure regulators 

. c. Pilot lines to burner 
d. Ignition electrode gap . 



J 



._^^j^ja^ssiRnmenij^6-,CJL^ 



"Objeaiye r "* '. Be able to Vxplam v Basjjf^^ care . 



Infortnacidn: Valve care and maintenan^ii fis veiy'iniporu^ ' 
-opj^i^QiLJidSsLjjcLc^^ varipus ;liqiiids and gases^Sometimes— 



he has to close or open a' valve, and *at other times use it to throttlp the 

-.£k)w^>>AU.valves -should, be ji-good-work^ 

The foUowing^are a few Hd's and don 'ts when operating: ' y * * 

1. Nevet use undue fcrce when first opening or. closing a valve. If it 
, ' is that, difficult to Iriovej it requires servicing, , • 

2. Neve^ use a'gate Ivalve for thrdtding service; it will usually leak \ 

■ ' around the gage afterwards. . ' - ♦ \ 

3. Apply proper" lubiicants to packings as per manufacturer's 
' * specifications. f \ i ^ \ ' * 

4. ' t^ever Heighten packing' ^and too tight. Even if you do not crack 

the gland, you. wUI not be able to\turh the stem 

Service arid niaintenance should "be perfo^lned when necessary to: V 



a" recoujditioned* valve.; This 
connected valve 



. Reference : Steatn^ Plan t Operation 



1. Replacp packing! br g ; 

2. Replace gaskets.] 

3. RepIace^ or regrind seats, gates, dt; discs? 

4. Replace stem. 

pn automatic valves, such items as diaphragms |||!|pilot valves will also 
i>eed attention on a regular Das^s.lJUways..<renew gaskets before assembling 

is aJso'^true for line flanges on a. flangie 




Assignment: 1. Why is it important; to have all valves, functioning properly? ^ 
^ of using too' muc^^^ 



suited for --prioff -operation than throttling ^ 



hand valve? " • 
3; Why is a gate better s 

, ' service? . - i ; » a 

4. If a* packing gland still lea ked after tightening, jyhat would yoii do? 

5. ^ ^ Name all the parts of a vjJve that require periodic servicing. y 



\ 
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' Pumps 



Objective: 1. Be able to explain the basic care and service^of pumps. ! 

Information: operator of a steam boiler is^ in charge of feed ^U|4ps, vacuum pumps, 
' ■ ;i oil pumps, sump pumps, etc/ is expected to care and perform minpr 
j repairs and service on that equipment. Packing glands and mechanical seals 
require lubrication or flushing with wafer to assure good 6perafioh% Whgn 
shaft pump seals start . leaking, the seal^has to be cofnpletely replaced 
• " Shaft packing can be adjusted with the packing gland nuts to insure a 

minimum of leakage from the pump. When there is exc^psive leakage due 
to packing or shaft wear, the packing' has to beireplat'edj or the shaft has 
to be, repaired. Bearings, unless they -are completely sealed, need some 
form of Jubricatibn. Follow the* manufacturer's specifications for type o£r. 
lubricant to use. ' • * ' *" . / 

when bearings ar^ worn, they should be replaced. If they are not replaced, 
damage to . the shaft or bearing housing could result. The operator should 
take note of the general operating ,cqndition of. each punip. Then,.>if a 
pump/starts to drop in' efficiency due to mechanical wear, it can be taken 
but of seryice for a general overhaul. Many plants will h^ve a preventative 
maintenance schedule set up for all« pump overhauls! Good care and service 
to pumps can extend there usefulness for many years. 

Elementary Steam Power Engineering ^ 
Steam Plant Operation . 

_l.;^_WJiat. routine care is needed for packing ^glandslcm^ pju^^^ 

2. What routine care is needed for mechanical shaft seals? ; - 

3. ^. Discuss the lubrication requirements for pumps. - ^ 

4. What causas. shaft wear? . . ^ 

5. Why is it -important to change worn bearings? 

6.. When should a pump be fenioved from -service for a complete 
:.;:.;:.„. .overhaul? .......v..;... ...y...:..^-...j.^.,.:^..:A:. .....v.:..,..-. .a:,...-.^ 
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